Interventional

Cardiology
"l
" ~
Harald Rittger
Editor

@ Springer



Interventional Cardiology in the Elderly






Harald Rittger
Editor

Interventional Cardiology
in the Elderly

@ Springer



Editor

Harald Rittger
Universitatsklinikum Erlangen
Erlangen

Germany

ISBN 978-3-319-21141-1 ISBN 978-3-319-21142-8 (eBook)
DOI 10.1007/978-3-319-21142-8

Library of Congress Control Number: 2015954079

Springer Cham Heidelberg New York Dordrecht London

© Springer International Publishing Switzerland 2015

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made.

Printed on acid-free paper

Springer International Publishing AG Switzerland is part of Springer Science+Business Media
(www.springer.com)


www.springer.com

Contents

1 Epidemiology of Coronary Heart Disease in the Elderly .......... 1
Christoph Garlichs

2 Pathophysiology of the Aging Heart
and Its Impact on Interventions ................ ... .. ... ..., 13
Harald Rittger

3 The Role of Geriatric Preconditions (Frailty and Disability)
in Elderly Patients and Its Possible Impact on Interventions. . . . ... 17
Harald Rittger

4 Comorbid Burden and Its Impact on Outcome. . ................ 31
Philipp Bahrmann

5 Coronary Interventions in Stable Coronary Artery Disease . . ... .. 47
Harald Rittger

6 PClin Elderly Patients with ACS . . .......... ... .. .. ... .... 61
Harald Rittger

7 CABG Versus PCl in Elderly Patients . ........................ 77
Harald Rittger

8 Non-coronary Interventionsinthe Elderly ..................... 93
Ralf Birkemeyer

9 Pulmonary Hypertension in the Elderly:
Impact of Age on Diagnosis and Therapy Options . .............. 109
Tobias J. Lange



vi Contents

10 Antiplatelet Therapy in Elderly Patients . .. .................... 135
Andreas May

11 Ethical Aspects of Interventional Cardiology
in GeriatricPatients . . ........... ... .. .. . L il 145
Thomas Frithwald



Contributors

Philipp Bahrmann Friedrich-Alexander-University, Institute for
Biomedicine of Aging, Niirnberg, Germany

Ralf Birkemeyer Interventional Cardiology, Herzklinik Ulm, Ulm, Germany

Thomas Friihwald Geriatric Acute Care Department, Krankenhaus Hietzing mit
Neurologischem Zentrum Rosenhiigel, Wien, Austria

Christoph Garlichs Medical Clinic, Academic Hospital Flensburg, Flensburg,
Germany

Tobias J. Lange Department of Internal Medicine II, University Medical Center
Regensburg, Regensburg, Germany

Andreas May Department of Internal Medicine, Klinikum Memmingen,
Memmingen, Germany

Harald Rittger Department of Internal Medicine I, Cardiology and Pneumology,
Klinikum Fuerth, Fuerth, Germany

vii



Chapter 1
Epidemiology of Coronary Heart Disease
in the Elderly

Christoph Garlichs

Introduction

The percentage of people aged 65 years and older in the United States is calculated
to increase from 12.4 % (35 million) of the population in 2000 to 19.6 % (71 mil-
lion) by 2030, with 82 million in that age group by 2050. The number of people
older than 80 years of age is projected to double from 9.3 million in 2000 to 19.5
million in 2030, and to more than triple by 2050 [1]. Global trends are similar, with
the worldwide population older than 65 years projected to increase to 973 million,
or 12 %, in 2030 and to constitute approximately 20 % of the population in 2050
(see also Center of Disease Control [www.cdc.gov] and European Cardiovascular
Disease statistic [http://www.ehnheart.org/cvd-statistics.html]). These numbers and
dynamics in the development of cardiovascular diseases underscore the necessity
for an efficient primary and secondary prevention in the elderly patients.
Atherosclerosis as the driving force of coronary artery disease starts at early ages in
life and is universally present in patients above 65 years old. Thereby age is the most
important (and uninfluenced) risk factor for the development of atherosclerosis and
other heart diseases, so that the demographic shift towards an older population will
result in dramatically changed clinical and economic needs in order to provide adequate
medical care for this population. For example, the economic costs for the diagnosis
and treatment of cardiovascular disease (including stroke) are estimated as high as 315
billions US-Dollar in 2014. The demographic shift will double these cost in 2030 [2].
This chapter about the epidemiology of coronary artery disease in the elderly
focuses on the burden of the disease, on subclinical and clinical manifestations, on
relevant risk factors for CAD in the elderly, and current available evidences with
regard to the management in the primary and secondary prevention of CAD.
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2 C. Garlichs
Clincial Manifestation of Coronary Artery Disease

The lifetime’s risk to develop coronary artery disease is quite high. At the age of
seventy the risk for a first cardiovascular event is 34.9 % in men and 24.2 % in
women. The average age for a myocardial infarction is 64.5 years in men and
70.3 years in women.

Subclinical Coronary Artery Disease

The majority of older patients does not show any clinical symptoms for a clinically
relevant CAD. Nevertheless, in many of these patients subclinical CAD can be
detected. For example, the Cardiovascular Health Study (CHS) provided evidence
of significant carotid artery stenosis >50 % in adults above 65 years and without any
known cardiovascular risk factors in 4.3 % of men (age group between 65 and 74
years) increasing to 10.9 % in men over 85 years as well as in 3.4 % and 11.8 % in
women, respectively. Left ventricular hypertrophy as another cardiovascular risk
factor was detected in 2.1-6.3 % in men and 1.9-5.2 % in women (in the above
mentioned age groups) [3].

When combing several cardiovascular characteristics (ECG abnormalities, ABI
<0.9, increased Intima-Media-Thickness, echocardiographic abnormalities, angina
pectoris or claudication), a retrospective analysis of the Cardiovascular Health Study
could discover a prevalence for subclinical cardiovascular diseases of up to 61 %. In
correspondence with these findings, Wong et al. took the MESA Trial and found a
prevalence for subclinical atherosclerosis (measured as an increased Intima-Media-
Thickness, low ABI, or presence of coronary or abdominal aortic calcifications) in
55 % of men at the age between 45 and 54 years ‘old’ streichen and a prevalence of
100 % in men at the age between 75 and 84 years (in women, prevalence was 32 %
as well as 98 % in the above mentioned age groups). In most cases, calcifications of
the abdominal aorta gave a hint for the underlying subclinical atherosclerosis. Aortal
calcifications appear in equal numbers in men and women, whereas coronary calci-
fications appear more often in men [4]. The detection of abdominal aortal calcifica-
tion was a strong predictor for other markers of subclinical atherosclerosis (increased
carotid Intima-Media-Thickness, low ABI, coronary calcification).

Atherogenic Risk Factors

The risk for cardiovascular disease rises dramatically with increasing age. In gen-
eral more than half of all men and one third of all women at the age of 70 years have
a 10 % risk to experience a cardiovascular event within the next 10 years. Data of
the Framingham Heart Study shows, that the risk for coronary artery disease can
step up as much as 5-fold depending on the number of atherogenic risk factors.
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Generally speaking, the well-known atherogenic risk factors in young people keep
their atherogenity in older patients, although gender differences have to be consid-
ered. For example, an increased systolic blood pressure is strongly associated with
CAD in young and old people of both ages, whereas an increased diastolic blood
pressure is of only marginal significance in older women.

Hypertension

From a global perspective, hypertension is responsible for the death of more than 7
million people per year, thus being the most important of all risk factors. Hypertension
among US-citizens is the most frequent cardiovascular risk factor: it appears in 2/3
of all men above 65 years and in about 80 % of women above 75 years. Younger
people (<40 years) more often have an isolated diastolic hypertension (i.e. systolic
pressure below 140 mmHg, diastolic above 90 mmHg). At the age of 50 years, sys-
tolic hypertension becomes more prominent (either as an isolated systolic hyperten-
sion or as a combined systolic/diastolic hypertension). In life’s sixth decade, isolated
systolic arterial hypertension becomes the dominant subtype. At the age between
6069 years, about 80 % of all people with hypertension demonstrate an isolated
systolic arterial hypertension due to an increased stiffness of the great arteries.
Additional risk factors such as diabetes mellitus or chronic renal insufficiency,
which can also lead to arterial stiffness, can accelerate the rigidity of great arteries
thus causing isolated systolic hypertension even in younger ages.

Meanwhile several studies (e.g. the Framingham Heart Study) stress the superi-
ority of an increased pulse pressure and reduced diastolic blood pressure compared
to an isolated systolic hypertension with regard to cardiovascular risk stratification
in the elderly. After the age of 50 years, systolic blood pressure rises disproportion-
ate to the diastolic blood pressure. After the age of 60 years, diastolic blood pressure
drops further resulting in an increase of pulse pressure. Among the ages between 50
and 70 years, there is a positive correlation of the systolic blood pressure and a
negative correlation of the diastolic blood pressure with the risk for CAD. This
observation underscores the superiority of the pulse pressure in contrast to the sys-
tolic hypertension for the prediction of CAD risk.

Age is another important parameter on the hemodynamic system and therefore
strongly influences the risk for CAD. This means, that with increasing age there is
a gradual transition from diastolic to systolic hypertension and then to pulse pres-
sure as predictors for CAD risk. In addition it could be shown, that the combination
of systolic and diastolic blood pressure was superior to the single use of systolic
blood pressure in the risk assessment for CAD. In general, the systolic blood pres-
sure is a better predictor for CAD than diastolic blood pressure in people above 50
years. Nevertheless, the risk for CAD can be strongly influenced by a very high
systolic or very low diastolic blood pressure. The National Health and Nutrition
Examination Survey (NHANES), for example, has demonstrated, that a diastolic
blood pressure below 70 mmHg, which appears in about 30 % of untreated people
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with isolated systolic hypertension, increases the risk for CAD. Factors associated
with low diastolic blood pressure were advanced age, female gender as well as dia-
betes mellitus, but not state of treatment. A recently published sub analysis of the
Framingham Heart Study confirmed these results in 791 individuals with a mean
age of 75 years: here, persons with isolated systolic hypertension (and prior CVD
events) have increased risk for recurrent CVD events in the presence of diastolic
blood pressure <70 mmHg versus DBP 70-89 mmHg, whether treated or untreated,
supporting wide pulse pressure as an important risk modifier for the adverse effect
of low diastolic blood pressure [5].

Dyslipidemia

Initial sub analysis of the Framingham Heart Study suggested that no positive cor-
relation exists between serum cholesterol levels and CAD risk in older men.
Meanwhile, some studies could prove, that serum cholesterol levels strongly predict
new as well as recurrent cardiovascular events in older men and women. For exam-
ple, Aronow et al. proved in a study with a 40—48 months follow-up with groups of
644 older men and 1488 older women a 12 % increase in the risk for cardiovascular
events with each 10 mg/dL rise of total cholesterol [6]. In a meta analysis by
Manolio et al., based on 22 US and international cohort studies, serum cholesterol
levels showed a rather weak predictive power in older men and women. In these
studies, the frailty and comorbidity of patients strongly influenced the results, so
after adjusting for these factors, total cholesterol regained predictive power for
future cardiovascular events [7].

With regard to HDL cholesterol, Castelli et al showed an inverse correlation
between low HDL cholesterol and new coronary events [8]. A similar association
was shown in the above mentioned study by Aronow et al., in which a 70 %
increased risk for cardiovascular events in men and a 95 % increased risk in women
was seen with every descent of 10 mg/dL of HLD cholesterol. Additional results of
this study showed, that hypertriglyceridemia is only a weak risk factor in women,
but not in men. Whereas total cholesterol did not consistently prove to be a predic-
tor for CAD events, the determination of HDL cholesterol or the relation between
total cholesterol/HDL cholesterol consistently proved to be an important predictor
for CAD risk.

What about the potential benefits of pharmacological interventions in elderly
patients with hypercholesterolemia? Several studies could show that the effective-
ness of such lipid lowering interventions is comparable to those in younger patients.
For example, in the well-known 4S Study (Scandinavian Simvastatin Survival
Study), a placebo-controlled study in high risk patients (the majority of which had
proven CAD), the treatment with a statin (simvastatin) lead to a 43 % reduction of
CAD mortality in subjects above 65 years as compared to subjects below 65 years.
Moreover, the CARE-Study (Cholesterol and Recurrent Events Study) proved, that
a statin therapy was even more effective in patients above 65 years in reducing
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cardiovascular events (32 % risk reduction) in comparison to the risk reduction in
patients below 65 years (19 % risk reduction).

Altogether, there are only a few studies about lipid interventions specifically in
older patients. One of these studies is the PROSPER-study performed in men and
women between the age of 70-82 years and a history or risk factors for vascular
diseases. These patients were treated with the statin ‘Pravastatin’ (40 mg/day;
n=2.891) or placebo (n=2.913). After an average follow-up of 3.2 years the pri-
mary end point was analysed (i.e. a combined end point of coronary death, non-fatal
myocardial infarction and fatal or non-fatal stroke). Pravastatin reduced LDL-
cholesterol by 34 % and thereby significantly reduced the incidence of the primary
endpoint (hazard ration 0.85, 95 % CI, 0.74-0.97, p=0.014). It also reduced coro-
nary death and the risk for non-fatal myocardial infarctions (0.81, 0.69-0. 94,
p=0.006). Surprisingly, new cancer disease appeared significantly more often in
patients treated with pravastatin as compared to the placebo group (1.25, 1.04-1.51,
p=0.02). In the meantime, several metaanalyses of studies using pravastatin or
other statins could convincingly eliminate any increased incidence of risk for cancer
under chronic statin therapy. Atlast, the Cholesterol Treatment Trialist’ Collaboration
with more than 170,000 patients in 26 studies has to be mentioned. This trial showed
a 22 % general benefit of a lipid lowering therapy for the reduction in CAD events.
No significant differences were seen in the age group below 65 years, 65-74 years,
and older than 75 years. In addition, this study shows a rather weak effect of a lipid
lowering therapy in very old patients (i.e. only a 16 % risk reduction).

Metabolic Syndrome and Diabetes

According to the American Heart Association/National Heart, Lung, and Blood
Institute (NHLBI), the diagnosis of a metabolic syndrome is made in the presence
of three or more of the following factors: (A) abdominal adiposity defined as a hip
size above 102 cm in men and above 88 cm in women, (B) elevated blood pressure
(>130 mmHg systolic or >85 mmHg diastolic or treated with antihypertensive
drugs), (C) fasting blood glucose of 100 mg/dL and more or treated with antihyper-
glycemic agents, (D) HDL-cholesterol below 40 mg/dL in men or below 50 mg/dL
in women or ongoing treatment due to a low HDL-cholesterol, and (E) fasting tri-
glycerides of 150 mg/dL or higher or ongoing triglyceride-lowering treatment [9].
The prevalence of the metabolic syndrome in adults drastically increases with
age (about 50 % of men at the age of 65 suffer from it). The prevalence in diabetes,
defined as a fasting glucose of 126 mg/dL or above or ongoing antihyperglycaemic
therapy, rises with age as well, with a rate of about 20 % in patients in the age of 65
years. The life-time risk for diabetes is estimated between 25 and 45 % in women
and 30-55 % in men, whereby ethnical difference exert a strong influence (in the
US, for example, US-Americans Hispanics develop far more often diabetes as com-
pared to non-Hispanic whites). In analogy with the observation, that cardiovascular
risk factors increase with age, do people with metabolic syndrome or diabetes
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mellitus have a 20 % elevated 10-years risk for the development of coronary artery
disease or cardiovascular disease in general. And about 80 % of people with diabe-
tes at the age above 60 years have a 20 % cardiovascular risk or already a diagnosed
cardiovascular disease.

Without any doubts, diabetes is an important risk factor for coronary events in
older men and women and associated with a 2-fold risk for new coronary events
according to a study based on 644 older men and 1488 older women (i.e. a study
with a follow-up of 40-48 months). In addition, the Framingham Heart Study dem-
onstrated that an elevated fasting glucose and the composite endpoint of glucose
intolerance and diabetes are a strong risk factor for new coronary events in an obser-
vation period of 30 years.

Up to now, there has been no larger study demonstrating the benefit of an inten-
sive blood glucose control in older patients with diabetes on future cardiovascular
events. But there a subanalyses of larger studies, which help to clarify the potential
clinical benefit of an intensive blood glucose control in these patients. The
ADVANCE-Study, for example, consisted of 11,140 persons with diabetes mellitus
type 2 and a median follow-up of 5.0 years, and an intensive control of blood glu-
cose with a target of a HbAlc below 6.5 % led to a 30 % reduction of larger micro-
vascular and macrovascular events. This benefit was seen in people below and above
the age of 65 years (although no statistical significance was reached in the latter and
no risk reduction for major macrovascular events was seen in the whole study) [10].
The later results are in accordance with the ACCORD-Study (The Action to Control
Cardiovascular Risk in Diabetes), where no benefit of an intensive blood glucose
control was seen in 10,251 younger and older persons, which either received stan-
dard or an intensified therapy (with a target value of HbAlc <6 %) [11]. Noteworthy
is the fact that patients with new onset diabetes mellitus or no signs of macrovascu-
lar disease at study entrance showed the greatest benefit of a treatment.

Thus individualization of therapy becomes important. For selected individual
patients, lower HbA1c goals than the general goal of <7.0 % should be considered
if this can be achieved without significant hypoglycaemia or other adverse effects of
treatment (i.e. in patients with short duration of diabetes, long life expectancy, and
no significant cardiovascular disease). Conversely, less stringent HbA1c goals than
the general goal <7 % may be appropriate for patients with a history of severe hypo-
glycaemia, limited life expectancy, advanced microvascular or macrovascular car-
diovascular disease, extensive comorbid conditions, or those with long-standing
diabetes. Since there is a high prevalence of these characteristics in the elderly
patients, the later approach should to be favoured [12].

Smoking

Initial analysis of the Framingham Heart Study did not show any association of
cigarette smoking with coronary artery disease in patients above the age of 60. By
contrast, the Honolulu Heart Study proved a 2-fold increase risk for CAD in male
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cigarette smokers at the age of 65-74 years and in 644 male and 1488 female people
with a mean age of 80 years (40—48 months follow up) [13].

With regard to secondary prevention, studies (for example the Coronary Artery
Surgery Study, CASS study) showed a 1.5-fold increased risk for myocardial infarc-
tion and death in patients at the age between 65 and 69 years. This risk even increased
to 2.9 in patients above 70 years as well as in persistent smokers compared to former
smokers. Moreover, the CASS study demonstrated an increased 6-years-mortality rate
(relative risk about 1.7) in persons with persistent nicotine abuse in comparison to
former smokers, who had to quit atleast 1 year before study entrance [ 14]. Interestingly,
the benefit of quitting smoking was detectable in all age groups. In summary these
studies underscore that resigning from smoking reduces the risk of myocardial infarc-
tion und increases life expectancy in younger as well as in older people.

Overweight and Adiposity

A few studies identified adiposity as a risk factor for secondary coronary events in
elderly patients with coronary artery disease. Former prospective studies had already
shown, that obesity in general and central obesity in particular is a risk factor for the
incidence of CAD in men and women in the mean age. But there are only a few
studies available about the influence of obesity in elderly patients. Data from the
Framingham Heart Study suggest that CAD in elderly patients is associated with
similar atherogenic risk factors as seen in younger patients. Nevertheless some spe-
cific characteristics seem to exist in the elderly: the Honolulu Heart Program as well
as the Health Professionals Follow-Up Study (HPFS) have shown that weight gain
in adults below 65 years has a stronger positive correlation with risk for CAD as
compared to weight gain in men above 65 years. This finding can partially be
explained by the well described substitution of muscle with fat tissue in elderly
people. In addition, this phenomenon may account for the observation of previous
cohort studies in elderly people, in which only moderate or no correlations were
seen between body mass index and CAD risk. The latter studies also identified hip
size and fat distribution as strong predictors for cardiovascular events. In one of
these studies, Rimm’s analysis of the HPFS data observed that in men above 65
years only a weak correlation existed between body mass index and CAD risk,
whereas a strong correlation existed between waist-to-hip ratio and CAD risk (rela-
tive risk 2.7) [15]. This was due to the increased mass of abdominal fat with increas-
ing age, revealing the body mass index as a bad indicator for the general fat mass in
elderly patients. Moreover, corresponding randomized studies proved that lifestyle
interventions by diet-induced weight reduction and physical training leads to an
improvement of obesity-associated CAD risk factors in overweight elderly patients
[16]. Altogether, this data from several studies shows that CAD risk factors (such as
hip size, hypertension, circulating inflammatory substances, pathological glucose
tolerance, insulin resistance, fasting glucose levels, and lipids) are reversible not
only in younger patients, but also in elderly, overweight patients.
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Physical Activity

Reduced physical fitness and physical activity is predictive for a higher mortality
rate in older persons. These observations are independent of obesity and abdomi-
nal adiposity and have resulted in recommendations for frequent physical activity
in older adults. In addition, physical activity is a significant predictor for the risk
of CAD. Data from the Honolulu Heart Program showed a 2.2 fold increased risk
for cardiovascular events in people who walked less than 500 m/day as compared
to people with a daily course of 2 km. Similar results were obtained in the Harvard
Alumni Study, in which men at the age of 66 years, who consumed about
4000 kcal/week through physical activity (walking, sports, stair climbing), had a
38 % reduced relative risk for CAD when compared to men who consumed less
than 1000 kcal/week. This study also demonstrated that the duration of the physi-
cal activity did not influence the relative risk as far as the amount of consumed
energy was equal.

Frequent physical activity has been favourable for the general cardiovascular
health in elderly patients. Data about 1645 men and women at the age above 65
years documents, that — after adjusting for cardiovascular risk factors — walking
for more than 4 h/week results in a significant reduced risk for cardiovascular-
caused hospitalization (relative risk of 0.69) as compared to walking of less than
1 h/week. It has to be mentioned that these studies included only a small fraction
of people above the age of 80 years. Nevertheless, these studies show, that physi-
cal exercise in elderly people has a beneficial effect on CAD risk similar to that in
younger adults.

Physical activity in the context of secondary prevention has been proved to be
effective in the reduction of CAD-caused mortality. The British Regional Heart
Study observed that the lowest risk for cardiovascular mortality was seen in CAD
patients with slight to moderate physical activity (relative risk of 0.42 and 0.47,
respectively) as compared to physical inactive people or people with only occa-
sional physical activity. Thereby, physical activity in the form of regular walking
or intense gardening seemed to more effective than sport activities [17].

Inflammatory Risk Factors

The concentration of inflammatory markers increases with age; this is mainly due to
a decrease in sexual hormones and an increase in visceral fat. Whether inflamma-
tory markers have to be considered as independent risk factors for coronary artery
disease is currently still a matter of debate. Thereby, many studies have established
C-reactive protein as an acute inflammatory marker that plays a significant role in
cardiovascular diseases. In 2002, the American Heart Association recommend CRP
as a useful screening marker for patients with an intermediate risk for cardiovascu-
lar events within the next 10 years [18].
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Preventive Strategies

Primary Prevention

Prevention of CAD in elderly patients involves not only primary and secondary
prevention, but also primordial preventive strategies with the aim to avoid the devel-
opment of the atherogenic risk factors. This explains the program by the American
Heart Association, in which ‘seven easy goals’ focus on the preservation of normal
lipid values, blood glucose levels, body fat, and the avoidance of smoking and tak-
ing of a healthy diet and regular physical activity. In this context, data of the
NHANES from 2007 to 2008 is interesting, which shows that elderly patients few-
est reached the above mentioned ‘seven easy goals’; patients above 60 years had the
lowest percentage of all age classes with regard to obtaining at least 4 or more of the
mentioned criteria; and only 10 % fulfilled 4 criteria and only 5 % 5-6 criteria of
altogether 7 possible goals.

Adequate blood pressure control as well as lipid control proved to have a benefi-
cial effect in all age classes. Since elderly patients possess a particular high risk for
cardiovascular events, therapeutic interventions to control atherogenic risk factors
seem to be at least as important as in younger adults. Interventions to control athero-
genic risk factors in the elderly induce a dramatic reduction of the absolute risk for
CAD. According to a study by Wong et al., optimal management of blood lipids and
blood pressure in adults with metabolic syndrome resulted in an 80 % reduction of
coronary events (an effect, which was seen in all age groups) [19]. Thereby therapy
of high blood pressure as the most important risk factor for mortality worldwide is
of particular importance in the elderly.

Risk factor control has to include life style modifications such as reduction of
daily intake of sodium, adjusting body weight, an only moderate consumption of
alcohol as well as regular physical activity, all of which being factors easing the
control of elevated blood pressure. In addition, studies proved the benefit of quitting
to smoke even in elderly patients.

Secondary Prevention

Secondary prevention of chronic heart disease in the elderly naturally embraces the
discussed risk factors relevant for primary prevention. However, relatively few studies
have been reported about the effectiveness of theses interventions in older patients.
Smoking cessation leads to numerous benefits in patients with cardiovascular
disease. Most of all, it reduces overall mortality by 25-50 % in those who have suf-
fered an myocardial infarction, and at least 50 % of this decline is seen in the first
year. In older patients who have undergone CABG surgery, smoking cessation
reduced both morbidity and mortality rates (data from CASS study). Since smoking
cessation rate (in middle-aged and older persons) range from 20 to 70 % after 1
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year, conclusive multiple components programs are needed to convince patients
about the benefits of smoking cessation.

With regard to antihypertensive therapy, metaanalyses have demonstrated the par-
ticularly high benefits in patients 60-80 years in age. Antihypertensive treatment pre-
vents strokes and heart failure more than coronary events, but overall mortality also is
reduced. The general target should be <140/90 mmHg. For patients with heart failure,
renal insufficiency and diabetes, a lower target such as <130 mmHg is recommended.

Strategies for lipid-lowering therapy in the elderly can be derived from several sub-
analyses of Statin trials. The 4S-trial showed similar reductions in CHD mortality and
hospitalization in patients >65 years of age compared with younger patients. The CARE
Study demonstrated that statin therapy was equally effective in older patients with
known CHD and a total cholesterol <240 mg/dL (32 % risk reduction compared with
19 % risk reduction). For CHD deaths, the difference was even more striking (reduc-
tion in CHD mortality 11 % in patients <65 years versus 45 % in patients >65 years).
Because mortality rates increase substantially with age, the elderly derived a greater
absolute benefit (for every 1000 patients treated, 225 cardiovascular hospitalizations
would be prevented compared with 121 hospitalizations in 1000 younger patients).

Obesity is another starting point for secondary prevention in the elderly according
to the Framingham study. This is primarily due to the prominent clustering of dys-
lipidaemia, hypertension, and insulin resistance in older overweight individuals and
particularly in individuals with preferential abdominal obesity. Therefore, weight
reduction can result in a multifactorial risk reduction intervention in obese patients.

Several studies have shown that exercise training alone without a nutritional
approach has only a minimal effect on measures of obesity and abdominal adiposity
in older coronary patients [20]. This is probably due to the low exercise-related
energy expenditure accomplished by patients with CHD in general and particularly
by older patients. Altogether there are only a few studies among the elderly with
CHD which provide convincing data about the effect of weight reduction on sec-
ondary cardiovascular events. In one of these studies in obese patients with a mean
age of 60 with CHD, hypocaloric diet-induced weight reduction of 11 kg resulted in
a 10 % lowering in total and LDL-cholesterol, 24 % lowering of triglycerides, and
an 8 % gain in HDL-cholesterol [21].

Diabetes is another strong predictor for secondary cardiovascular events in older
CHD patients. Despite the lack of data with regard to the efficacy of treating diabe-
tes in the elderly the management of diabetes seems to be important in this subgroup
in order to prevent micro- and macrovascular complications. Appropriate medical
therapy to achieve near-normal fasting plasma glucose with an official goal of
HbAlc <7 % is recommended.

Conclusions

The main burden of costs for hospitalisation due to coronary artery disease is caused
by people above the age of 65. The above mentioned lives modifications allow pre-
vention and reduction in the development of atherogenic risk factors such as arterial
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hypertension, dyslipidaemia, and diabetes mellitus. In addition, pharmacological
therapy can adequately treat hypertension and the other atherogenic risk factors.
Studies have sufficiently proved that life modification and pharmacological treat-
ment are also effective in elderly patients. With this means we can treat elderly
patients resulting in healthier lives and longer periods without cardiovascular events.
These means have proven to be effective in elderly patients even in secondary pre-
vention. It depends on us, whether or not we will apply our current knowledge on
preventive measures in order to improve the quality of life as well as life expectancy
of elderly patients.
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Chapter 2
Pathophysiology of the Aging Heart
and Its Impact on Interventions

Harald Rittger

This chapter will briefly explain, why an understanding of the physiological changes
in an elderly cardiovascular system is essential to understand age-dependant altera-
tions in coronary pathology. Especially in the presence of atherosclerosis and its
resulting impact on coronary and structural interventions. According to Cheitlin
et al. [1], these physiological changes in cardiovascular physiology have to be dif-
ferentiated from the effects of pathology, such as coronary artery disease, that fre-
quently results with increasing age. These age related changes occur in everyone,
however not necessarily at the same rate, consequently leading to variations seen in
some people between chronological age and physiological age [1].

Age related changes to the cardiovascular system are summarized in the table
(Table 2.1):

Physiological aging is a complex process resulting in severe changes to cardio-
vascular structures. To begin with, there are alterations to the heart muscle itself:
developing into a hypertrophic muscle that is less responsive to sympathetic stimu-
lation, however not to parasympathetic stimulation. The hypertrophy is caused by
increasing fibrosis, dropout and apoptosis of myocytes and subsequently leading
to a decrease in left ventricular compliance resulting in diastolic dysfunction.
Therefore additional mechanisms are necessary to maintain cardiac output, for
instance the additional use of the Frank-Starling mechanism or the increased utiliza-
tion of the atrial contraction for left ventricular filling. This phenomenon appears to
be the primary factor for the development of heart failure with a maintained ejection
fraction in the elderly. Especially in specific situations such as a new onset of atrial
fibrillation or fluid overload, as in long lasting PCI-maneuvers.

The second major issue is the decreasing elasticity of the major arteries, which
makes the aorta and the big arteries elongated and stiffer. Subsequently enhancing
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Table 2.1 Effects of aging on major structural and functional characteristics of the cardiovascular

system

Cardiac changes Vascular changes

Heart weight 1 Arterial wall thickness 1

(intima-media)
Cardiomyocyte dimensions i Subendothelial collagen 1
Cardiomyocyte number l Elastin 1
Collagen in cross-linking i Elastin fragmentation )
Ejection fraction = Proteoglycans 1
Stroke volume = MMP activity T
Cardiac output = Intimai migration/proliferation of il
VSMC

Early diastolic filling l Arterial distensibility !
End-diastolic filling 1 Pulse wave velocity 1
Chronotropic responsiveness to -adrenergic | | Total peripheral resistance T
stimuli/catecholamines

Inotropic responsiveness to 3-adrenergic l Endothelial permeability 1
stimuli/catecholamines

Inotropic response to digitalis glycosides l Endothelial nitric oxide release !
Peak cardiac output to maximal effort l Inflammatory markers/mediators 1
Lusitropic function l SOD activity !
Release of natriuretic peptides i p-Adrenergic-mediated vasodilation | |

Adapted from Ferrrari et al. with permission. (see Ref. [2])
| diminished, 1 augmented, = unchanged, VSMC vascular smooth muscle cells, SOD superoxide
dismutase, MMP matrix metallo-proteinases

the pulse wave velocity which leads to increased antegrade and retrograde pulse
wave reflections. As a result blood pressure the diastolic blood pressure is notice-
able. These phenomenons coincide with endothelial dysfunction and abnormal
biochemical patterns causing early atherosclerosis. As a result, vessels are more
twisted and calcified with an increased risk of dissection and perforation. However,
not only access-site- or coronary vessels are affected. Vessel changes also affect
main vessels such as the aorta, the cerebrovascular vessels, as well as the renal ves-
sels. Consequently, the elderly are prone to a higher risk of cerebrovascular events
and renal failure after catheterization caused by cerebral embolism from calcium
and cholesterol plaques, mobilized with catheters and other devices during the
access via the aorta.

Furthermore, age related changes in neural cardiovascular control are likely to be
responsible for inadequate baroreceptor and blood pressure responses, potentially
resulting in an increased blood pressure variability with accompanying reduced
heart rate variability.

Responsiveness to B-adrenergic stimulation is diminished and both catechol-
amine- or exercise induced increases in heart rate and myocardial contractility are
decreased in elderly patients. Subsequently, as already mentioned, the elderly
mechanism needs additional contractile reserves to establish a stable cardiac output.
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In a paper Julius et al. state, that the aging heart performs like a younger heart on
3-blocker treatment [3].

In addition to that, fibrosis and calcification of the fibrous heart skeleton lead to
calcification of the annular rings and aortic cusps as well as the leaflets of the mitral
valves. A dropout of the atrial pacemaker cells result in a decrease in the intrinsic
heart rate. With fibrosis of the cardiac skeleton, there is also calcification at the base
of the aortic valve and thus damage to the His bundle as it perforates the right
fibrous trigone. Finally there is a decreased responsiveness to beta adrenergic recep-
tor stimulation, a decreased reactivity to baroreceptors and chemoreceptors, and an
increase in circulating catecholamines [4]. According to Cheitlin et al., these
changes set the stage for isolated systolic hypertension, diastolic dysfunction and
heart failure, atrioventricular conduction defects and aortic valve calcification — all
diseases seen in the elderly [1].

In addition to the changes in heart and vessels described briefly in this chapter,
changes in other physiological systems like renal function or hemostasis and of
course, problems caused by multimedication, have to be taken into account when
referring elderly patients to coronary or structural interventions. In this context, the
changes in renal function are of special interest. Creatinin clearance declines by
about 50 % between the third and the ninth decade, albeit causing minimal changes
in serum creatinin levels. This decline in creatinin clearance is caused by the follow-
ing: a loss of renal parenchyma, a reduction in renal plasma flow and a reduction in
renal hormone activity such as plasma renin and plasma aldosterone.

All these changes are a result of an aging organism and as stated before this var-
ies greatly from human to human, subsequently resulting in individual differences
between the chronological and the biological age. In combination with atheroscle-
rosis all the before mentioned age-dependent changes increase the risk of complica-
tions during and after PCI. Moreover, comorbidity and consequently multimedication
(due to hyper- or hypothyroidism, diabetes, hypertension and heart failure) can not
in all instances be differentiated to be either disease- or age-related. Probably result-
ing in a less likely impact on the immediate PCI outcome, however with a greater
influence on the long term effects desired by elderly patients — not so much to pro-
long life — but an improvement in functional status, quality of life and activities of
daily life.
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Chapter 3

The Role of Geriatric Preconditions
(Frailty and Disability) in Elderly Patients
and Its Possible Impact on Interventions

Harald Rittger

Introduction

“Frailty is a syndrome that reflects a state of decreased physiological reserve and
vulnerability to stressors” [1]. This statement delineates very accurately the process
interventional cardiologists and cardiac surgeons in many cases have to deal with,
when treating elderly patients. Frailty is a product of an aging organism, of the
environment and additional diseases. With an increasing proportion of patients
above 80 years needing treatment for coronary artery disease, a growing percentage
of those patients will receive this treatment in the presence of frailty, comorbidity
and disability. In a frail organism decreasing organ function and muscular decline
lead to a catabolic situation. Figure 3.1 shows two pathways leading to the pheno-
type of frailty.

Afilalo et al. wrote in a meta-analysis, that frailty is associated with a two- to
threefold increase in the prevalence of coronary artery disease (CAD) and is a pow-
erful predictor of mortality in cardiovascular patients independent of age, underly-
ing disease severity, comorbid conditions and disability [1]. In a recent review
article the frequency of frailty was reported to be in a range from 10 to 60 %,
depending on CVD (cardiovascular disease) burden and definition of frailty [2].
According to Afilalo, “epidemiological studies have consistently demonstrated that
frailty carries a relative risk of >2 for mortality and morbidity across a spectrum of
stable CVD, acute coronary syndromes, heart failure, surgical and transcatheter
interventions” [1] and in patients with CVD frailty causes a two fold increase in
mortality [3] Figs. 3.2 and 3.3.
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Fig. 3.1 Two pathways leading toward the phenotype of frailty (Adapted from Ref. [1] with
permission)
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Fig. 3.2 Prevalence of cardiovascular disease stratified by frailty status according to the Fried’s
criteria (Adapted from Afilalo et al. [1] with permission)

The questions and challenges for interventional cardiologists, treating such
patients are:

1. To which extent will the above mentioned preconditions impact the chosen treat-

2.

ment route for cardiac disease (either medical, interventional or surgical).

If so, then risk assessment for those patients, who are forwarded to PCI

appears crucial in order to identify patients at risk and to re-evaluate treat-

ment strategy.

. Third and most important, what effect does either therapy or withholding of
therapy have in those patients. Does the patient benefit from an intervention or
do we cause harm — this question remains unsolved.
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Fig. 3.3 Overlap between
frailty, comorbidity and
disability. ADL activities
of daily living, IJADL
instrumental ADL
(Adapted from Ref. [1]
with permission)
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Definition and Measurement

According to Morley JE [4], frailty is a syndrome in which a patient has subclinical
impairment of routine activities that exceeds normal age related deterioration.
Different measurements of frailty were proposed (Tables 3.1 and 3.2). Fried et al.
defined frailty having more than three of the following parameters: weight loss,
exhaustion, low activity and slowed walking speed [5].

Up to 20 frailty assessment tools have been developed, with most tools revolving
around the core phenotypic domains of frailty: slow walking speed, weakness, inac-
tivity, exhaustion and shrinking — measured by physical performance tests and
questionnaires.

Among all these tests, the Fried Scale is predominantly used and best evaluated,
including parameters such as slowness, weakness, low physical activity, exhaustion
and shrinking (unintentional weight loss) (Ref. [5]).

Another commonly used test is the short physical performance battery (SPPB)
[8]. Contrary to the other frailty scales, 5 m gait speed and handgrip strength has
been advocated as a single-item measurement of frailty. Especially gait speed seems
to have excellent interrater variability [9].

Is it frailty alone, which has to be incorporated into the risk evaluation of patients
undergoing coronary intervention or other alternative parameters like gait speed, the
“timed-up-and-go-Test” and other specifications like nutritional status, cognition
and poor functional status? The extent to which these parameters impact the results,
is still under research and consequently needs further evaluation.
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Table 3.1 Components of the Fried frailty scale

Shrinking Shrinking was defined through self-report as an unintentional weight loss of
(weight loss) >10 pounds in the last year

Decreased grip | Weakness was assessed by grip strength, and was measured directly with a
strength hand-held JAMAR dynamometer (Sammons Preston Rolyan). Three serial
(weakness) tests of maximum grip strength with the dominant hand were performed, and

a mean of the 3 values were adjusted by gender and body mass index
(BMI).8,9 Weakness was defined as an adjusted grip strength in the lowest
20th percentile of a community-dwelling population of adults 65 years of age
and older. Men met the criteria for weakness if their BMI and grip strength
were <24 and <29 kg; 24.1-26 and <30 kg; 26.1-28 and <31 kg; >28 and
<32 kg, respectively. Women met the criteria for weakness if their BMI and
grip strength were <23 and <17 kg; 23.1-26 and <17.3 kg; 26.1-29 and
<18 kg; and >29 and <21 kg, respectively

Exhaustion Exhaustion was measured by responses to the following 2 statements from
the modified 10-item Center for Epidemiological Studies—Depression scale
[13]: “I felt that everything I did was an effort” and “I could not get going.”
Subjects were asked, “How often in the last week did you feel this way?”
Potential responses were: 0 = rarely or none of the time (<1 day); 1 = some or
a little of the time (1-2 days); 2 = a moderate amount of the time (3—4 days);
and 3 = most of the time. Subjects answering either statement with response 2
or 3 met the criteria for exhaustion

Low activity Physical activities were ascertained for the 2 weeks before this assessment
using the short version of the Minnesota Leisure Time Activities
Questionnaire, and included frequency and duration. Weekly tasks were
converted to equivalent kilocalories of expenditure, and individuals reporting
a weekly kilocalorie expenditure in the lowest 20th percentile for their gender
(men, <383 kcal/week; women, <270 kcal/ week) were classified as having
low physical activity

Slowed walking | Slowness was measured by averaging 3 trials of walking 15 feet at a normal

speed pace. Individuals with a walking speed <20th percentile, adjusted for gender
and height, were scored as having slow walking speed. Men met criteria if
height and walk time were <173 cm and >7 s, or >173 cm and >6 s,
respectively. Women met criteria if height and walk time were <159 cm and
>7 s, or >159 cm and >6 s, respectively

Adapted from Ref. [6] with permission
Each criterion is scored with a 0 or 1

Data

Drey et al. investigated whether the Fried frailty criteria could serve as an inclusion
criteria for a randomized controlled trial, because these criteria had usually been
applied in epidemiological and very rarely in interventional studies [10]. A total of
298 people were screened: among them 181 were not frail, 116 were pre-frail and 1
was diagnosed as frail. The most prevalent criterion was exhaustion (24 % of those
screened). The second most prevalent criterion was low handgrip strength (20 %).
Low gait speed (8 %), low physical activity (2 %) and weight loss (2 %) had a lower
prevalence. According to the Geriatric Depression Scale, 14 % of those who met the
criterion ‘exhaustion’ were depressed. With regard to the Minnesota Leisure Time
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Table 3.2 Measurement thresholds for frailty criteria according to Fried et al.

Study
Criteria Threshold for meeting core frailty element prevalence
Exhaustion Responds “3 or more days in the past week” to how often 211/595
they felt either of the following: (35 %)
(1) I felt that everything I did was an effort
(2) I could not get “going”
Weight loss Unintentional weight loss of >10 1bs in past year 471625
(7.5 %)
Women Men
Physical AMI <270 kcal/weak AMI <383 kcal/weak 169/521
activity (32 %)

Grip strength <17.0 kg if BMI <23 kg/m?> | <29.0 kg if BMI <24 kg/m> | 202/617
<17.3 kg if BMI 23-26 kg/m*> | <30.0 kg if BMI 24-26 kg/m*> | (33 %)
<18.0 kg if BMI 26-29 kg/m? | <31.0 kg if BMI 26-28 kg/m?
<21.0 kg if BMI >29 kg/m?> | <32.0 kg if BMI >28 kg/m?

‘Walk time >7 s if <159 cm tall >7 sif <173 cm tall 249/606
>6 s if >159 cm tall >6 s if >173 cm tall 41 %)

Adapted from Singh with permission see Ref. [7]
AMI indicates activity metabolic index, BMI body mass index

Physical Activity Questionnaire used for the evaluation of ‘physical activity’, only
3 activities among the 18 selected by Fried were applicable to the studied cohort.
The authors concluded, that under study conditions, good applicability of the Fried
criteria was observed, however further refinement might be expedient in several
criteria, especially exhaustion and physical activity in order to enhance clinical
usefulness.

In a systematic review article including nine studies and encompassing 54,250
elderly patients with a mean weighted follow-up of 6.2 years, Afilalo et al. investi-
gated the role of frailty in cardiovascular disease in community-dwelling elders [1]
Table 3.3. Cardiovascular disease (CVD) was associated with an odds ratio (OR) of
2.7-4.1 for prevalent frailty and an OR of 1.5 for incident frailty in those who were
not frail at baseline. Gait velocity (as a measure of frailty) was associated with an
OR of 1.6 for incident CVD. In elderly patients with documented severe coronary
artery disease or heart failure, the prevalence of frailty was 50-54 % and this was
associated with an OR of 1.6-4.0 for all-cause mortality after the adjustment of
potential confounding variables. The authors concluded, that there is a relation
between frailty and CVD and that frailty may lead to CVD, just as CVD may lead
to frailty. The presence of frailty results to an incremental increase in mortality,
consequently implying that the role of frailty assessment in clinical practice might
refine estimates of cardiovascular risk, which tend to be less accurate in the heter-
ogenous elderly patient population.

Purser et al. tried to characterize physiological variations in hospitalized older
adults with severe coronary artery disease (CAD) and evaluate the prevalence of
frailty in this sample [11]. Subsequently to determine whether single-item perfor-
mance measures are good indicators of multidimensional frailty and to estimate the
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Table 3.3 Milestone studies to evaluate the impact and coincidence of frailty and CAD

Study Design n Population Key variables
Fried et al. [5] Secondary 450 Community Frailty (Chin), prevalent
(2001) analysis dwellers CVD, 3-year mortality
Makary et al. [6] | Secondary 4735 Community Frailty (Fried), prevalent
(2010) analysis dwellers CVD, subclinical CVD,
7-year mortality
Singh et al. [7] Secondary 2962 Community Frailty (Klein), prevalent
(2011) analysis dwellers CVD, 10-year mortality
Drey et al. [10] Secondary 40,657 | Community Prevalent frailty (Fried),
(2011) analysis dwellers incident frailty (Fried),
prevalent CVD, 5.9-year
mortality
Munoz-Mendoza | Secondary 670 Community Frailty (Fried), prevalent
etal. [9] analysis dwellers CVD, 3-year mortality
(2011)
McNulty et al. Prospective 1332 Outpatients with Frailty (Lachs), 12-year
[13] (2011) cohort chronic heart mortality
failure
Gharacholou Prospective 309 Inpatients with Frailty (Fried,
etal. [12] (2012) | cohort severe coronary Rockwood, gait
artery disease velocity), 6-month
mortality
Purser et al. [11] | Prospective 3075 Community Frailty (gait velocity),
(2006) cohort dwellers incident CVD, 4.9- year
mortality
Ekerstad et al. Prospective 60 Outpatients with Frailty (Fried). 6-min
[14] (2011) cohort chronic heart walk test
failure

Adapted from Ref. [1] with permission

CVD was defined as follows: Zutphen Elderly Men’s Study, not specified: CHS, MI, angina, heart
failure, revascularization, transient ischemic attack, claudication; Beaver Dam Eye Study, MI,
angina, stroke; WHI-OS, any form of coronary artery disease; WHAS I and II, MI, angina, heart
failure, revascularization; and HABC Study, MI, angina, coronary artery disease death, stroke. Of
note, CVD was consistently driven by MI and angina, regardless of the different definitions used
MI myocardial infarction

association between frailty and 6-month mortality. In a study of 309 patients aged
70 and older, admitted to a cardiology service (70 % male, 84 % white) with mini-
mum two-vessel CAD (determined by using cardiac catheterization), patients were
examined using two standard frailty phenotypes (Composite A and Composite B),
usual gait speed, grip strength, chair stands, cardiology clinical variables, and
6-month mortality. Prevalence of frailty was 27 % for Composite A versus 63 % for
Composite B. Utility of single-item measures for identifying frailty was greatest for
gait speed (receiver operating characteristic curve c statistic=0.89 for Composite A,
0.70 for Composite B) followed by chair-stands (c=0.83, 0.66) and grip strength
(c=0.78, 0.57). After adjustment, composite scores and single-item measures were
individually associated with higher mortality at 6 months. Slow gait speed
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(<0.65 m/s) and poor grip strength (<25 kg) were stronger predictors of 6-month
mortality than either composite score (gait speed odds ratio (OR)=3.8, 95 % confi-
dence interval (CI)=1.1-13.1; grip strength OR=2.7, 95 % CI=0.7-10.0;
Composite A OR=1.9, 95 % CI=0.60-6.1; chair-stand OR=1.5, 95 % CI=0.5—
5.1; Composite B OR=1.3, 95 % CI=0.3-5.2). Each tool showed a trend to an
increased 6 month mortality, however only gait speed was significant.

Garacholou et al. evaluated the prevalence of frailty and its association with
health status in PCI-treated patients in a sample of 629 patients >65 years old under-
going PCI from October 2005 through to September 2008 [12]. Frailty was charac-
terized using the Fried criteria: weight loss >10 1bs. in the previous year, exhaustion,
low physical activity, poor gait speed and poor grip strength (3 features=frail; 1
feature to 2 features=intermediate frailty; O feature=not frail). Health status was
assessed by using the Short-Form 36 and the Seattle Angina Questionnaire (SAQ).
Multivariable linear regression models were used to estimate the independent asso-
ciation between frailty and health status. Complete data on 545 patients demon-
strated that 19 % (n=117) were frail, 47 % (n=298) had intermediate frailty and
21 % (n=130) were not frail. Frail patients had more comorbidities and more fre-
quent left main coronary artery or multivessel disease after adjustments for age and
gender (p <0.05 across groups) were made. Multivariable linear regression demon-
strated poorer health status in frail patients compared to nonfrail patients as verified
by lower Short-Form 36 scores, lower SAQ scores for physical limitation and lower
SAQ scores for quality of life (p <0.001 for each health status domain). In conclu-
sion, 1/5 of older patients are frail at the time of PCI and have a greater comorbid
burden, angiographic disease severity and an overall poorer health status than non-
frail adults.

A very interesting study by Mc Nulty EJ tried to identify the surgical ineligibility
in patients undergoing non-emergent unprotected left main (ULM) percutaneous
coronary intervention (PCI) and to assess the potential for these reasons to confound
comparative effectiveness studies of coronary revascularization [13].

In 101 consecutive patients undergoing non-emergent ULM PCI, mixed methods
were used to determine the prevalence of treatment selection dictated by surgical
ineligibility and to establish the reasons cited for avoiding coronary artery bypass
graft surgery. Mc Nulty then identified if these reasons were captured by the ACC-
NCDR (American College of Cardiology-National Cardiovascular Data Registry)
Cath-PCI dataset to assess the ability of this registry to account for biases in treat-
ment selection. Finally, the association of surgical eligibility with long-term out-
comes after ULM PCI was assessed. Treatment selection was dictated by surgical
ineligibility in over half the ULM PCI cohort with the majority having reasons for
ineligibility not captured by the ACC-NCDR. Surgical ineligibility was a significant
predictor of mortality after adjustment for the following surveys: Society of Thoracic
Surgeons (hazard ratio [HR]: 5.4, 95 % confidence interval [CI]: 1.2-25),
EuroSCORE (European System for Cardiac Operative Risk Evaluation) (HR: 5.9,
95 %:; CI: 1.3-27), or NCDR mortality scores (HR: 6.2, 95 %; CI: 1.4-27). Surgical
ineligibility dictating treatment selection is common in patients undergoing non-
emergent ULM PCI and occurs on the basis of risk factors not captured by the
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ACC-NCDR. It is independently associated with worse long-term outcomes after
adjusting for standard risk scores.

Ekerstad et al. explored the large and growing population of elderly patients
with cardiovascular disease, identifying clinically relevant measures of biologi-
cal age and their contribution to risk [14]. They analyzed the manner in which the
variable frailty predicts short-term outcomes for elderly non-ST-segment eleva-
tion myocardial infarction patients. Patients aged >75 years, with diagnosed non-
ST-segment elevation myocardial infarction, were included at 3 centers and
clinical data including judgment of frailty were collected prospectively. Frailty
was defined according to the Canadian Study of Health and Aging Clinical
Frailty Scale. The impact of the comorbid conditions on risk was quantified by
the coronary artery disease-specific index. From a sample of 307 patients, 149
(48.5 %) were considered frail. By multiple logistic regression, frailty was found
to be strongly and independently associated with risk for the primary composite
outcome: death from any cause, myocardial reinfarction, revascularization due to
ischemia, hospitalization for any cause, major bleeding, stroke/transient isch-
emic attack and need for dialysis up to 1 month after inclusion (OR, 2.2; 95 %
CI, 1.3-3.7), in-hospital mortality (OR, 4.6; 95 % CI, 1.3-16.8), and 1-month
mortality (OR, 4.7; 95 % CI, 1.7-13.0). The authors concluded, that frailty is
strongly and independently associated with in-hospital mortality, 1-month mor-
tality, prolonged hospital care and the primary composite outcome. The main
message of this paper was, that the combined use of frailty and comorbidity may
constitute an ultimate risk prediction concept in regard to cardiovascular patients
with complex needs.

Singh et al. assessed the prognostic value of frailty, comorbidity and quality of life
over and above the risk factors in the Mayo Clinic risk score [7]. They examined
patients >65 years who underwent PCI and assessed for frailty (Fried criteria),
comorbidity (Charlson index) and quality of life [SF-36]. Of the 628 patients dis-
charged [median follow-up of 35.0 months (interquartile range, 22.7-42.9)], 78 died
and 72 had a myocardial infarction (MI). Three-year mortality was 28 % for frail
patients and 6 % for nonfrail patients. The respective 3-year rates of death or MI were
41 % and 17 % respectively. After adjustment, frailty [hazard ratio (HR), 4.19 [95 %
confidence interval] (CI), 1.85, 9.51], physical component score of the SF-36 (HR,
1.59; 95 % CI, 1.24-2.02) and comorbidity, (HR, 1.10; 95 % CI, 1.05, 1.16) were
associated with mortality. Frailty was associated with mortality/MI (HR, 2.61, 1.52,
4.50). Including frailty, comorbidities and SF-36, conferred a discernible improve-
ment to predict death and death/MI (integrated discrimination improvement, 0.027
and 0.016, and net reclassification improvement of 43 % and 18 %, respectively).
The authors concluded that after PCI, frailty, comorbidity and poor quality of life are
prevalent and are associated with adverse long-term outcomes. Consequently imply-
ing that their inclusion improves the discriminatory ability of the Mayo Clinic risk
score, derived from routine cardiovascular risk factors (Table 3.4).

In a study, investigating frailty as predictor of outcome in patients with ACS,
Graham et al. assumed, that frailty is superior to chronological age using the Edmonton
Frail Scale (EFS) [15]. They assessed the EFS in a group of elderly patients with acute
coronary syndrome (ACS) and administered this scale to 183 consecutive patients
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Table 3.4 Unadjusted associations with the 2 follow-up end points
Death Death/MI
HR |95%Cl PValue HR 95%Cl P Value

Mayo Clinic Risk Score | 1.15 |(1.08,1.22) <0.001 1.10 |(1.04,1.15) <0.001
Comorbidities

Charlson Index 1.12 | (1.06,1.18) <0.001 1.05 |(1.01,1.10) 0.024
Frailty group <0.001 <0.001

Intermediate frailty 1.90 |(0.85,4.25) 0.120 1.40 | (0.84,2.33) 0.192

Frail 536 |(2.41,11.9) <0.001 |3.04 |(1.80,5.15) <0.001
Health status variables <0.001 0.032

SF-36 Mental Comp | 1.02 |(0.81,1.27) 0.893 1.09 | (0.92.1.29) 0.326
(per 10 point
decrease)

SF-36 Physical 1.72 | (1.36, 2.18) <0.001 1.24 | (1.04,1.47) 0.015
Comp (per 10 point
decrease)

MI indicates myocardial infarction, HR hazard ratio, C! confidence interval, SF-36 Short-Form 36

with ACS aged >65 years admitted to a single center in Edmonton, Alberta, Canada.
Scores ranged from O to 13. Patients with higher EFS scores were older, with more
comorbidities, longer lengths of stay (EFS 0-3: mean, 7.0 days; EFS 4-6: mean,
9.7 days; and EFS >7: mean, 12.7 days; P=0.03), and decreased procedure benefit.
Crude mortality rates at 1 year were 1.6 % for EFS 0-3, 7.7 % for EFS 4-6, and
12.7 % for EFS >7 (P=0.05). After adjustment for baseline risk differences using a
"burden of illness" score, the hazard ratio for mortality for EFS >7 compared with
EFS 0-3 was 3.49 (95 % confidence interval [CI], 1.08-7.61; P=0.002). The authors
concluded, that the EFS is associated with increased comorbidity, longer lengths of
stay, and decreased procedure benefit. Following the adjustment for burden of illness,
the highest frailty category is independently associated with mortality in elderly
patients with ACS. The authors warranted, that further work is needed to determine
whether the use of a validated frailty instrument would better delineate medical deci-
sion making in this important, often disadvantaged population.

Makary et al. investigated criteria of frailty as predictor of surgical outcomes
in surgery patients under the assumption, that preoperative risk assessment is
important yet inexact in older patients because physiologic reserves are difficult
to measure [6]. They conducted a study to determine, if frailty predicts surgical
complications and enhances current perioperative risk models. They prospectively
measured frailty in 594 patients (aged 65 years or older) presenting to a university
hospital for elective surgery between July 2005 and July 2006. Frailty was classified
using a validated scale (0-5) that included weakness, weight loss, exhaustion, low
physical activity and slowed walking speed. Patients scoring 4-5 were classified
as frail, 2-3 were intermediately frail and 0—1 were nonfrail. Main outcome mea-
sures were 30-day surgical complications, length of stay and discharge disposition.
Multiple logistic regression (complications and discharge) and negative binomial
regression (length of stay) were done to analyze frailty and postoperative outcome
associations.
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Preoperative frailty was associated with an increased risk for postoperative
complications (intermediately frail: odds ratio [OR] 2.06; 95 % CI 1.18-3.60;
frail: OR 2.54; 95 % CI 1.12-5.77), length of stay (intermediately frail: incidence
rate ratio 1.49; 95 % CI 1.24—1.80; frail: incidence rate ratio 1.69; 95 % CI 1.28—
2.23), and discharge to a skilled or assisted-living facility after previously living
at home (intermediately frail: OR 3.16; 95 % CI 1.0-9.99; frail: OR 20.48; 95 %
CI 5.54-75.68). Frailty improved predictive power (p<0.01) of each risk index
(i.e. American Society of Anesthesiologists, Lee and Eagle scores). They con-
cluded, that in surgery patients, frailty independently predicts postoperative com-
plications, length of stay and discharge to a skilled or assisted-living facility in
older surgical patients and enhances conventional risk models. Assessing frailty
using a standardized definition can help patients and physicians make more
informed decisions.

Stortecky et al. evaluated Multidimensional Geriatric Assessment (MGA) as pre-
dictor of mortality and major adverse cardiovascular and cerebral events (MACCE)
after transcatheter aortic valve implantation (TAVI) under the assumption, that cur-
rently used global risk scores do not reliably estimate mortality and MACCE in
these patients in a prospective cohort of

100 consecutive patients >70 years undergoing TAVI [16]. Global risk scores
(Society of Thoracic Surgeons [STS] score, EuroSCORE) and MGA-based scores
(cognition, nutrition, mobility, activities of daily living [ADL], and frailty index)
were evaluated as predictors of all-cause mortality and MACCE 30 days and 1 year
after TAVI in regression models (Table 3.5). In univariable analyses, all predictors
were significantly associated with mortality and MACCE at 30 days and 1 year,
except for the EuroSCORE at 30 days and instrumental ADL at 30 days and 1 year.
Associations of cognitive impairment (odds ratio [OR]: 2.98, 95 % confidence inter-
val [CI]: 1.07-8.31), malnutrition (OR: 6.72, 95 % CI: 2.04-22.17), mobility
impairment (OR: 6.65, 95 % CI: 2.15-20.52), limitations in basic ADL (OR: 3.63,
95 % CI: 1.29-10.23), and frailty index (OR: 3.68, 95 % CI: 1.21-11.19) with
1-year mortality were similar compared with the STS score (OR: 5.47, 95 % CI:
1.48-20.22) and the EuroSCORE (OR: 4.02, 95 % CI: 0.86-18.70). Similar results
were found for 30-day mortality and MACCE. Bivariable analysis, including STS
score or EuroSCORE, suggested independent associations of MGA-based scores
(e.g. OR of frailty index: 3.29, 95 % CI: 1.06—10.15, for 1-year mortality in a model
including EuroSCORE). The authors concluded, that this study provides evidence
that risk prediction can be improved by adding MGA-based information to global
risk scores.

Conclusion

Risk assessment is the basis of any therapy, regardless of disease and age. Predicting
risk in elderly patients undergoing coronary or cardiac intervention appears much
more complex than in younger patients. Therefore, assessing frailty in elderly
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patients identifies a subset of elderly patients who are at risk for adverse events
(death and MI) after successful intervention.

According to Afilalo “Frailty contributes valuable prognostic insights incremen-
tal to existing risk models and assists clinicians in defining optimal care pathways
for their patients.”

All studies mentioned above had one thing in common, that frail patients were
less aggressively managed and less likely referred for cardiac catheterization and, if
treated had worse outcome and a higher risk for complications. A better understand-
ing of frailty, when treating elderly patients seems crucial as it pertains to the care
and treatment needed for the elderly. The addition of frailty, comorbidity and QOL
to the usual risk assessment of elderly patients who are undergoing PCI and the
reassessment of the indication may help prevent identifying those patients, who are
at increased risk when receiving intervention.
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Chapter 4
Comorbid Burden and Its Impact on Outcome

Philipp Bahrmann

Introduction

The risk of falling ill rises with increasing age. Due to the aging of the population
and to advances in medical care and public health that have allowed people to live
longer with incurable diseases, the number and proportion of patients with chronic
diseases are growing [1]. If two or more chronic diseases exist at the same time,
the state of health of the patient can be referred to as multimorbid. On average,
there are five diagnoses in 65-70-year-olds, seven diagnoses in 70—-80-year-olds
and over eight diagnoses in 80-84-year-olds [2]. Accurate data on the prevalence
of multimorbidity are available of only a few studies in Europe. A study that was
conducted in several Dutch general practice centers described a prevalence of
15 % for over 60 years old patients. According to the results of a database analysis
of 42 general practice centers in Germany a prevalence of 78 % was present in
patients aged 80 and over. The “Seven Countries Study” described a prevalence of
10-15 % in men aged 65-84 years with different accumulation depending on the
region. In Germany, 40 % of patients over 65 years had up to four diseases at the
same time and over 16 % more than four diseases [3]. Because certain conditions
heighten the risk of developing other conditions, patients with multimorbidity are
likely to accumulate more diagnoses and experience escalating clinical complex-
ity [4, 5].

The prevalence of multimorbidity varies by age, country and investigated patient
population. The high variability in prevalence has its basis in the different defini-
tions of multimorbidity, which were used by the researchers. However, even if the
values are far apart, they show the significance of multimorbidity for healthcare
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utilization and costs [6]. Approximately 80 % of spending in the national health
insurance accounts for 20 % of the insured person with one or more chronic dis-
eases [7]. In the recent analysis of the PRISCUS study, the average annual direct
costs for elderly patients without multimorbidity were at 1250 € in Germany. In
patients with two chronic conditions, the average annual direct costs were at € 1962
and in patients with more than ten chronic diseases even at € 6862. Therefore, the
impact of multimorbidity on the social security systems are highly relevant because
with an increasing number of diseases the cost of care increases predominantly
linear (sometimes even exponentially) [8]. Multimorbidity is especially associated
with high health care utilization and cost when it is accompanied by functional limi-
tations. In the future, the health systems will thus face major challenges when deci-
sions have to be made about the type of care, on the allocation of services as well as
on the financing of the funding [9]. In a systematic review on the association
between multimorbidity and health costs, Hodek et al. notes that the knowledge of
the impact of chronic (multiple) diseases and possible combinations is of great sig-
nificance to improve the care of people with multimorbidity, to use resources more
efficiently and thus ultimately reduce costs [8].

Multimorbidity may also lead to polypharmacy, i.e. the administration of
four or more simultaneously prescribed drugs, which in turn is a serious phar-
macological problem [10]. Due to the large number of prescribed drugs the risk
of adverse drug reactions increases and thus for the subsequent health care uti-
lization in practices and clinics [11]. Multimorbidity also presents challenges in
the development of guidelines and treatment recommendations, which are still
largely unresolved. Clinical guidelines limit their recommendations yet often on
single diseases. In clinical research, patients with multiple diseases are often
excluded. Kaplan and Feinstein explained to the resulting bias: “In clinical
practice, the prognostic influences of age and comorbidity are well recognized,
and these influences usually receive careful consideration during the diverse
decisions of clinical judgment. In statistical studies, the effects of comorbidity
are generally ignored [12].”

According to de Groot et al., there are four important reasons to measure multi-
morbidity in studies [13]. The first reason is to be able to correct confounders, and
thereby improve the internal validity of the study. A confounder is a factor that is not
directly subject of the investigation. But both the intervention/exposure as well as
the target size is associated with the confounder. Thus confounders could cause
“confusion” in statements about the relationship between intervention/exposure and
target [14]. The second reason is to be able to identify effect modification. Effect
modification means the effect of a factor to a disease characterized by the presence
of another factor, which means that there is an interaction between the two
factors [15]. The third reason is the wish to use multimorbidity as a predictor of
survival or progression of patients in studies [16]. The final reason is that a compre-
hensive measure for multimorbidity, which summarizes many coexisting diseases in
a score, is useful for reasons of statistical efficiency.

In the literature there are a wide variety of methods to measure multimorbidity in
patients. A common method is to determine the total number of diseases and the
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detection of chronic diseases among an underlying disease. For example, the
Charlson Comorbidity Index captures both the number and severity of each disease.
But a standarized procedure for the measurement of multimorbidity does not exist
so far [17]. Therefore Professor Cornel Sieber, Chair of Geriatrics at the University
of Erlangen-Nuremberg, criticized in a press release prior to the 118th German
Internist Congress in Wiesbaden, that currently no consensus in the definition of
multimorbidity and the number and type of considered diseases exists [3].

The closely interrelated concepts multimorbidity, comorbidity and frailty are
defined in this capital, and then the current methods are compiled and evaluated as
multimorbidity has so far been operationalized. Furthermore, the influence of the
concepts will be explained on patient outcome.

Definitions

Multimorbidity

The term ‘multimorbidity”’ first appeared in a German publication in 1976. For the
next 14 years the term was restricted almost entirely to German publications. The
term ‘multimorbidity’ used only 72 publications in their text from 1976 to 1990.
Alone 66 of these 72 publications were written in German.

It was not until 1990 that concept received international attention through further
research. Van den Akker defined multimorbidity, as the presence of multiple, recur-
rent, chronic or acute illness or symptoms within one person at the same time
regardless of an underlying disease [18]. A complex structure with several individ-
ual diseases exists in multimorbidity and should always be considered as an inde-
pendent phenomenon or as a specific disease state [17]. In contrast to comorbidity,
there is no primary underlying disease in multimorbidity. While the term multimor-
bidity is structured patient-related and non-hierarchically oriented, comorbidity is
disease-based and hierarchically oriented [7]. But, the terms are often used inter-
changeably or inconsistently in the literature [19]. As an example, a cardiologist
may be concerned with the effect of comorbidity on the management of acute coro-
nary syndromes, whereas multimorbidity captures the general complexity of
patients without focusing on any single disease.

The World Health Organization (WHO) defines multimorbid patients than those
who are affected by two or more medical or psychiatric conditions [6]. The inten-
tion of the WHO was to consider all the conditions of an individual that could affect
the general health status. However, the term “state” is not defined clear enough for
practical purposes (e.g. as whether the treated disease is a “state” in this sense) and
could thus result in numerous interpretations [20].

The “European General Practice Research Network™ conducted a systematic review
of all relevant publications on this topic in 2011 and identified by more than 100 differ-
ent definitions used by academic research. To find a comprehensive definition of multi-
morbidity, which is understandable and suitable for further joint research, the “European
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General Practice Research Network™ asked the following two questions through a study:
Which of the criteria for multimorbidity can be found in scientific publications medicine
and what definition can be formulated using these criteria?

The criteria found were divided into 11 topics: chronic disease, acute illness,
biopsychosocial factors and somatic risk factors, coping strategies of patients, dis-
ease burden, stress the health system, disability, quality of life, frailty, social net-
work and health consequences. The “European General Practice Research Network™
finally formulated a definition of multimorbidity, which was found in the common
consensus: “ Multimorbidity is defined as any combination of chronic disease with
at least one other disease (acute or chronic) or biopsychosocial factor (associated or
not) or somatic risk factor. Any biopsychosocial factor, any somatic risk factor, the
social network, the burden of diseases, the health care consumption, and the patient’s
coping strategies may function as modifiers (of the effects of multimorbidity).
Multimorbidity may modify the health outcomes and lead to an increased disability
or a decreased quality of life or frailty”. This definition of “European General
Practice Research Network™ focused on the possible consequences of multimorbid-
ity, such as health implications, disability, quality of life and frailty.

The above definition approaches to the definition of “geriatrics typical multimor-
bidity”. In addition to the presence of multiple co-existing chronic diseases, the
disease pattern, the temporal evolution of the disease and social factors are impor-
tant. In addition, geriatrics typical syndromes are (for example, such as inconti-
nence, confusion, risk of falls and complex pain conditions), relevant to everyday
life functional limitations and disabilities of patients [21]. According to the defini-
tion of the geriatric scientific society and the health insurance companies, a “typical
geriatrics multimorbidity” exists if at least two of the following 14 geriatric syn-
dromes coexist in a patient [22]:

e immobility,

* tendency to fall and vertigo,

* cognitive impairment,

* incontinence,

* pressure ulcers,

e malnutrition,

e imbalance in fluid and electrolytes,
* depression, anxiety disorders,

* chronic pain,

e paraesthesia,

¢ reduced capacity,

* strong visual and hearing impairment,
* medication problems,

* high risk of complications.

This geriatric syndromes again are symptoms or consequences of various dis-
eases. For example, a reduced capacity could be the result of heart failure, chronic
obstructive pulmonary disease or cancer. Thus, these criteria are different from the
commonly used definitions that focus on individual diagnoses.
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Comorbidity

The concept of comorbidity was preceded by the concept of multimorbidity. In the
early seventies, Feinstein defined the term comorbidity as “[...] the existence or
occurrence of any distinct additional entity during the clinical course of a patient
who has the index disease under study”. As comorbidity he described the occur-
rence of an additional etiologically of the underlying disease (“index disease”’) inde-
pendent acute or chronic illness during the clinical course. The importance and
impact of comorbidity for the entire clinical course of an underlying disease, in
particular their treatment, care and prognosis, was thus recognized and described
already in the seventies by Feinstein [23].

A further development of the concept of comorbidity for clinical problems was
done based on the number and the nature of disease, the specification of the disease
diagnosis by a physician or medical history of the patient and the location of the
study survey, such as general practice centers, hospitals or nursing homes, during
the seventies and eighties. Indices have been developed to investigate comorbidity
in clinical studies [13]. However, these indices were based on different approaches.
Charlson Comorbidity Index takes into account both the number and severity of the
disease, to improve the prediction of 10-year mortality [24]. The “Index of coexis-
tent Diseases” predicts health-related quality of life after surgery, while the Kaplan-
Feinstein Index assesses comorbidity in patients with diabetes mellitus [12].

However, the general transferability of indexes is restricted, as some were derived
from non-representative study populations and/or the underlying data sources (sur-
veys, databases, network of general practice centers) are not comparable. According
to a summary review by de Groot et al., the necessary methodological quality crite-
ria are sufficiently met by only four indices: the Charlson Comorbidity Index, the
“Cumulative Illness Rating Scale”, the “Index of Coexisting Disease” and the
Kaplan-Feinstein Index [25]. Some of the above indices are used either for multi-
morbidity or comorbidity, depending on whether the focus is on the measurement of
the total burden of disease in a patient or on the burden of comorbidities, which are
in addition to an underlying disease [13]. The “Cumulative Illness Rating Scale”
and Charlson Comorbidity Index are the summative indices, the Kaplan-Feinstein
Index and the “Index of Coexisting Disease”, however ordinal indices. Here, the
final score is the highest individual score [16]. Currently there is no consensus on
the best method to measure comorbidity in research and clinical practice.

The studies that collected the comorbidity in general practice centers, hospitals
or groups of patients or the population of a region, investigated the resulting conse-
quences, such as mortality, physical function limitations, quality of life, treatment
complications due to drug side effects, health care utilization, quality of care and
cost. While the study survey on mortality was done mainly retrospective, cross-
sectional and prospective studies were available on the effect on functional status
and quality of life. In Germany, the National Health Survey of 1998 raised the dis-
ease patterns of comorbidity but also their impact and consequences such as quality
of life, consequential costs and health-related quality of life at the population level.
In areview of 82 studies from 1993 to 1997, the analysis of causes and consequences
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showed that comorbidity in almost all studies had influence on different survival
parameters such as mortality, functional ability, quality of life and various aspects
of health care utilization [6].

Frailty

Due to demographic changes and medical progress, the number of elderly and very
elderly patients will increase with multiple illnesses in all areas of care. But multi-
morbidity in old age is more than the sum of individual diseases. Despite the prob-
lems caused by the individual diseases, symptoms such as incontinence, cognitive
deficits, immobility, such as falls, pain and other complicating factors in elderly and
very elderly patients also are added (see section “Multimorbidity”). Functional lim-
itations and disabilities arise which affect the ability of older people to cope with
everyday life. Multimorbidity therefore requires a comprehensive “functional”
point of view in comparison with a view focused on the disease in the elderly. It is
a very interesting concept when applied to elderly and very elderly patients, since it
provides a comprehensive overview of all factors that could lead to frailty.

Frailty is an independent geriatric syndrome, which describes the state of the
elderly, which is characterized by the reduced load capacity to external stressors
[26]. Frailty is a reduction of physiological capacity, which is not confined to one
organ system, but applies across multiple systems and also is not specifically linked
to a single pathogenetic process [27]. According to Schuler and Oster, frailty is a
state of reduced functional reserves. Important functional reserves of the individual
are reduced by physiological and pathological alterations [28]. According to Fried,
chronic malnutrition leads to sarcopenia with a loss of muscle strength, walking
speed and decreasing physical activity. This can result in limitations to mobility,
functional ability, incontinence and increased need for assistance or even death [29].

It is a construct that is difficult to diagnose in clinical practice [30]. According to
Drey, a patient is defined as frail if it has weight loss, weakness, poor stamina, slow-
ness, i.e. low walking speed, and low activity, i.e. reduced energy consumption [31].
Finally, there is a relationship between emerging multimorbidity, which can lead to
frailty and then in turn to disability [32]. Frailty, an increase in disability or a
decrease in quality of life, may therefore be the consequences of multimorbidity.
These are factors that make physicians aware of multimorbidity for the first time in
many of their older patients.

Methods of Measurement

Summation of Chronic Diseases

Multimorbidity is commonly known as the coexistence of two or more chronic
diseases that refers to the simultaneous occurrence of two or more chronic dis-
eases in a person [18]. Previous studies on multimorbidity reported two or more
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diseases simultaneously in 3.6 % up to 50 % of the patients in the Netherlands
[33]. Van den Bussche defined multimorbidity as the presence of three or more
diseases. He was able to demonstrate multimorbidity in 62.1 % of the patients
examined in primary care in Germany [34]. The comparison of these studies is
difficult because of their many differences in methodology, the population and the
number and type of disease. Diederichs also pointed out that the boundaries
between acute and chronic disease states are often blurred, so that a sharp separa-
tion not often succeeds between acute and chronic diseases. Therefore, the meth-
odological approach is increasingly being questioned, to measure multimorbidity
with a summation of chronic diseases. Other factors as social, emotional and psy-
chological side effects should be also recorded as the occurrence of two or more
diseases in the elderly is not uncommon [17].

Also Extermann criticized that the summation of chronic diseases in the research
and clinical practice is not practical. The result is a vast amount of information, if
any diagnosis and their severity is considered in the patient. Therefore, in his opin-
ion, a selection and bundling of information is required. Indices reduce all diseases
and their severity to a single numerical score. Thereby, a comparison with values
from other patients is possible [16]. Until now, different strategies have been used
to develop indices for multimorbidity. A first strategy is the qualitative “ad hoc”
selection of cases for a particular study by clinical judgment. This strategy, how-
ever, is often not systematically performed and is not very reproducible. A second
strategy includes a systematic categorical description of disease occurrence by
defining criteria (e.g. ICD-9 codes). This can be further refined by each disease is
assessed according to their status as active/inactive and/or of its impact on the prob-
ability of survival. The Charlson Comorbidity Index (see section “Charlson
Comorbidity Index’’) and the Kaplan-Feinstein Index (see section “Kaplan-Feinstein
Index”) are indices applying this second strategy. Another strategy is the bundling
of diseases accordingly involved organ systems in order to evaluate them within the
systems. An example of this strategy is the “Cumulative Illness Rating Scale” (see
section “Cumulative illness rating scale”) and the “Index of Coexisting Disease”
(see section “Index of coexisting disease”) [35].

Charlson Comorbidity Index

The Charlson Comorbidity Index was developed by Mary Charlson and colleagues
in 1987, based on data collected from breast cancer patients. It has been used in
several studies to assess the severity of existing co-morbidities and is an easy to use
instrument with which the general mortality risk can be estimated efficiently. The
Charlson Comorbidity Index is used to predict the relative risk of dying of comor-
bidity factors within 10 years [24]. In addition to mortality, there were also signifi-
cant relationships of the Charlson Comorbidity Index to disability, for resumption
and length of stay in hospital [13]. It is - as the name suggests - rather a method to
measure comorbidity than multimorbidity. In practice, however, it is often used for
detection of the latter. The Charlson Comorbidity Index contains a list of 19 dis-
eases that can be assessed with one to six points, depending on the severity (see
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Table 4.1 List of 19 contributing diseases of the “Charlson Comorbidity Index”

Clinical diseases are as follows:

Myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular
vascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease,
ulcers, mild liver disease, diabetes mellitus type 2, hemiplegia, moderate/severe renal
insufficiency, diabetes with end organ damage, tumor, leukemia, lymphoma, moderate/severe
hepatopathy, metastatic tumor, AIDS

Table 4.2 Weighting of the “Charlson Comorbidity Index” for 19 contributing diseases
Weighting | Comorbidity
1 Myocardial infarction, congestive heart failure, peripheral vascular disease,

cerebrovascular vascular disease, dementia, chronic obstructive pulmonary disease,
connective tissue disease, ulcers, mild liver disease, diabetes mellitus type 2

2 Hemiplegia, moderate/severe renal insufficiency, diabetes with end organ damage,
each tumor, leukemia, lymphoma

3 Moderate/severe hepatopathy

6 Metastatic tumor, AIDS

Table 4.1). Any concomitant disease is associated depending on the risk of dying,
with a score of one, two, three, or six. The score is added and the mortality rate can
be predicted by the sum of the individual diseases (see Table 4.2). The research uses
the Charlson Comorbidity Index in the classification of zero, one or two plus.

The Charlson Comorbidity Index has the advantage that it is very clearly struc-
tured and easy to complete, since the criteria are easy to identify and differ from
each other well. An advantage is that it can be determined without patient survey, so
only with the help of the medical record, and only slightly takes time for gathering
and analyzing data (about 5 minutes). The index can be optionally used with and
without age correction, and is validated for oncology patients. The Charlson
Comorbidity Index has now been adapted to the use of administrative data (e.g.
ICD-9 codes) [36, 37]. It is characterized by a very good reliability, excellent cor-
relation with mortality and progression-free survival. The test-retest reliability, i.e.
the degree of consistency of test results in the same subjects and with the same test
in several testings, is good and the inter-rater reliability, i.e. the extent of the consis-
tency of assessment results for different observers, is moderate to good [13]. A limi-
tation of the index is that it only interrogates nineteen diseases. It does not take
account of non-malignant hematological diseases (e.g. anemia).

Cumulative Illness Rating Scale

Another methodological approach to measure multimorbidity is the “Cumulative
Illness Rating Scale” [38]. The “Cumulative Illness Rating Scale” aims to detect the
physical deterioration of the patient by the estimated damage of 13 body systems
using a five-point severity scale [25]. The “Cumulative Illness Rating Scale” was
developed to assess the total medical burden and capacity for elderly patients to
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Table 4.3 “Cumulative illness rating scale”
Value 04

(a) Cardiac (heart only)
(b) Hypertension (rating is based on severity; affected systems are rated
separately)
(c) Vascular (blood, blood vessels and cells, marrow, spleen, lymphatics)
(d) Respiratory (lungs, bronchi, trachea below the larynx)
(e) EENT (eye, ear, nose, throat, larynx)

(f) Upper GI (esophagus, stomach, duodenum, biliary and pancreatic trees;
do no include diabetes)

(g) Lower GI (intestines, hernias)

(h) Hepatic (liver only)

(i) Renal (kidneys only)

(j) Other GU (ureters, bladder, urethra, prostate, genitals)

(k) Musculo-skeletal-integumentary (muscles, bone, skin)

(1) Neurological (brain, spinal cord, nerves; do not include dementia)

(m) Endocrine-Metabolic (includes diabetes, diffuse infections, infections,
toxicity)

(n) Psychiatric/Behavioral (includes depression, anxiety, agitation, psychosis, not
dementia)

survive and was not originally designed as a comorbidity index [16]. Miller and col-
leagues revised the “Cumulative Illness Rating Scale” to take account of the prob-
lems of the elderly in long-term care. In 1992, they renamed the index in “Cumulative
Illness Rating Scale for Geriatrics”, abbreviated CIRS-G [39]. This quantitative
scale is used to detect the state of health of institutionalized frail older adults. Based
on the examination of the patient and the available document, the doctor or nurses
evaluate each of 14 organ systems, whether and to what extent it is affected by dam-
age, malfunctions and activity impairment (see Table 4.3).

The 14 organ systems include heart, high blood pressure and vascular, hematopoi-
etic and lymphatic system, lungs and respiratory tract (below the larynx), eye and ear,
nose and throat medicine (eyes, ears, nose, pharynx, larynx), upper gastrointestinal
tract (esophagus, stomach, duodenum, without a pancreas), the lower gastrointestinal
tract (lower digestive tract, hernia), liver, gall bladder and pancreas, kidneys (without
urinary tract, bladder and prostate), urogenital tract (ureters, urinary bladder, urethra,
prostate, genital organs, uterus, ovaries), musculoskeletal and skin, nervous system
(brain, spinal cord, nerves, and without dementia and depression), endocrine, meta-
bolic disorders and breast disorders (including various infectious diseases and poison-
ing) and mental disorders (including dementia and depression). The rating is intuitive
and is based on the description of the rating criteria from zero to four (see Table 4.4).

The end result of “Cumulative Illness Rating Scale” is the sum of each of the 14
individual organ systems score. The scale can vary theoretically between zero and
56 points, although a very high score is impossible because it would represent mul-
tiple organ system failures that are not compatible with life [40].

“Cumulative Illness Rating Scale” has good interrater reliability with correlation
coefficients in the range from 0.55 to 0.91 [41]. The retest reliability is good [13].
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Table 4.4 Weighting of 14 for “Cumulative Illness Rating Scale” contributing organ systems

Rating scale | Rating criteria

0 No impairment to that organ/system

1 Mild: Impairment does not interfere with normal activity; treatment may not be
required; the prognosis is excellent

2 Moderate: Impairment interferes with normal activity; treatment is needed; the
prognosis is good

3 Severe: Impairment is disabling; treatment is urgently needed; prognosis is
guarded

4 Very Serious: Impairment is life threatening; treatment is urgent or of no avail;

prognosis is grave

Table 4.5 “Index of Coexisting Disease” with its two components: “Index of Disease Severity”
and “Index of Physical Impairment”

Index of disease severity Index of physical impairment
Ischemic heart disease Circulation
Arrhythmias Breathing

Other heart diseases Neurological function
Hypertension Mental function
Cerebral vascular disease Urinary continence
Peripheral vascular disease Fecal continence
Diabetes mellitus Nutrition

Respiratory diseases Walking ability
Malignancy Eyesight
Hepatobiliary disease Hearing
Gastrointestinal illness Language skills
Neurological disease Arthritis

Hematologic disease
HIV/AIDS Anticoagulation

Some studies have also documented a good predictive validity for mortality and
autopsy [42—44]. One study showed a significant association with the risk of hospi-
talization in the following year [41]. Another study reported good discriminant
validity, i.e. the measurements differ from each other by different constructs [39].
“Cumulative Illness Rating Scale” is one of the few validated instruments that can
be used to quantify the multimorbidity in research [45]. Before using the “Cumulative
Illness Rating Scale” it should however be reviewed to what extent the design of a
planned study corresponds to the original study population of the index [16].

Index of Coexisting Disease

The “Index of Coexisting Disease” was first developed in 1993 by S. Greenfield to
assess comorbidity in patients with malignant tumors (see Table 4.5). Later, the “Index
of Coexisting Disease” was used for other patient categories. This method helps in
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Table 4.6 Weighting of the “Index of Disease Severity” [46]

Severity “Index of disease severity”

0 No, state absent

1 Minimal or no morbidity

2 Symptomatic, active, but controlled, requires continuous treatment
3 Moderate, severe manifestations despite treatment

Table 4.7 Weighting of the “Index of Physical Impairment” [46]

Severity | “Index of Physical Impairment”

0 No significant disability, normal function
1 Mild/moderate disabilities, symptomatic, may need support for the activities of daily living
2 Serious/severe disability, symptomatic

calculating the length of stay of a patient in the hospital and the risks of repeated
reception thereof in the hospital after surgery. For the assessment of comorbidity, the
“Index of Coexisting Disease” evaluated separately the patient’s condition by two dif-
ferent components: Physiological and functional properties. The first component —
“Index of Disease Severity” — measures the severity of sixteen concomitant diseases,
each of which is rated on a 4-point scale, with zero being the absence of disease and
three indicating the most severe form of the disease (see Table 4.6).

The second component — “Index of Physical impairment” — focuses on the co-
morbidity caused by the functional restrictions. It assesses eleven defined functional
areas with a 3-point scale, where zero means normal functionality and two repealed
functionality (see Table 4.7).

Various data support the predictive validity of the “Index of Coexisting Disease”.
The intrarater reliability, i.e. the extent of the consistency of assessment results for
the same observers, is good, while the inter-rater reliability is moderate [13]. A limi-
tation of the “Index of Coexisting Disease” is the exclusion of psychiatric elements.
Alcoholism per se is not queried by the “Index of Coexisting Disease” and an
affected patient would only have positive points if he had known liver disease [16].

Kaplan-Feinstein Index

The Kaplan-Feinstein Index was developed in 1974 as a scheme for the classifica-
tion of comorbidity and their prognostic relevance in terms of 5-year mortality in
patients with diabetes mellitus. The index includes twelve comorbidities that may
affect the long-term survival of the patient (see Table 4.8). They are each divided
into four severity levels from zero (no disease) to three (severe disease). Grade three
is evaluated for a state after decompensation or recently undergone life-threatening
episodes caused by the respective comorbidity. Degree two describes a restriction,
but not yet complete decompensation and degree one is a slight or implied decom-
pensation or chronic disease. The Kaplan-Feinstein Index in 1986 was tested on
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Table 4.8 The “Kaplan-Feinstein Index”

Items Severity scale

—

. Hypertension Grade 0 = no decompensation of vital system

. Cardiac system Grade 1 = slight decompensation of vital system
. Central nervous system Grade 2 = impaired vital system

. Respiratory system Grade 3 = recent full decompensation

Renal

. Hepatic

. Gastrointestinal system

. Peripheral vascular disease

Ol o u| s v

. Cancer

—_
o

. Locomotor system
11. Alcohol
12. Misc

patients with prostate cancer and in 1995 on patients with head and neck cancer. A
correlation of limitation in overall survival was observed. Unique about this score is
that it contains a weighting for each comorbidity of zero to three and the final score
corresponds to the highest individual score, and not the sum of the individual rat-
ings. The maximum score is thus three and thus comparatively low. If it is judged
twice with the score two in the individual factors that endpoint number also remains
at three. Meanwhile, the Kaplan-Feinstein Index for MMCI- and ACE-27 index was
developed [16]. Accurate data on the validity or reliability are not known [13].

Consequences of Multimorbidity

Patients with multimorbidity have on average a lower quality of life, increased men-
tal stress, and longer hospital stays than patients without multimorbidity. They are
at heightened risk of adverse health outcomes, often beyond the effects of the indi-
vidual conditions. These include death, functional limitation and disability, frailty,
nursing home placement, treatment complications, and avoidable inpatient admis-
sions. Multimorbid patients experience health care uncoordinated and evaluate the
quality worse than patients without multimorbidity. The cost of health care increases
exponentially with the number of diseases, in particular due to the increasing num-
ber of outpatient visits and hospitalizations. Drug treatment of multimorbid patients
has other consequences: multimorbidity is counted among the strongest predictors
of multi-drug/polypharmacy. It is estimated that about 6.5 % of all hospital admis-
sions are due to adverse drug events. Since older people have a reduced tolerance
for drugs, they are particularly affected.

Most treatments and practice guidelines traget a single index condition, but
patients with multimorbidity are complex and heterogeneous. The traditional dis-
ease-focused approach to clinical medicine may render care that is fragmented an
poorly coordinated and produce treatment plans that are inefficient, ineffective, or
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even harmful for patients with multimorbidity. Currently, clinicians have limited
guidance or evidence on which to base care decisions for such patients.

Conclusion

This capital describes that first, there are no universal consensus on the definition of
multimorbidity in the current literature. In addition, multimorbidity is often used in
research and clinical practice synonymous with the term comorbidity and/or the
connotations of multimorbidity and comorbidity are mixed [13]. Multimorbidity
defined Van den Akker generally as the presence of multiple, recurrent, chronic or
acute illness or symptoms within one person at the same time regardless of an
underlying disease [18]. In particular, for specific populations such as the elderly,
this definition is however insufficient because the disease pattern, the temporal
development of disease, social factors but also geriatrics typical syndromes (such as
incontinence, confusion, risk of falls and complex pain conditions), relevant to
everyday life functional limitations and disabilities are of great importance. Frailty
is a consequence of multimorbidity in these elderly patients. Many of the doctors
are first made aware of the occurrence of frailty on multimorbidity in many of their
older patients. The recently, in this sense revised definition of multimorbidity of the
“European General Practice Research Network™ moves into the center the possible
consequences of multimorbidity for the patient, such as health consequences, dis-
ability, quality of life and frailty [20].

Second, there is no generally accepted “gold standard” for measuring multimor-
bidity. While the accumulation of chronic diseases in the research and clinical
practice is not very practical because of the lack of comparability of methods and
the resulting amounts of information, indexes reduce all diseases and their severity
to a single numerical score, making possible a comparison with values from other
patients [16]. According to a survey by de Groot only four met by the large number
of available indexes sufficiently the necessary methodological quality criteria: the
Charlson Comorbidity Index, the “Cumulative Illness Rating Scale”, the “Index of
Coexisting Disease” and the Kaplan-Feinstein Index [25].

Third, the general transferability of indices between different populations is
restricted, as some were derived from non-representative study populations and/or
the underlying data sources (surveys, databases, network of general practice) are not
comparable with each other.

Fourth, multimorbidity is associated with poor health outcomes and significant
healthcare expenditures.

The challenges of managing patients with multimorbidity are multiple, including
the lack of guidelines that are applicable to these complex patients and the conflict-
ing recommendations that arise in trying to apply guidelines developed for single
disease conditions; competing and shifting patient priorities of conditions to be
addressed; the risks associated with polypharmacy; and the lack of evidence on how
best to treat patients with specific comorbid illnesses.
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Principles of caring for patients with multimorbidity include attention to understand-

ing a patients goal of treatment and healthcare priorities; communication between mul-
tiple providers, healthcare facilities, and caregivers involved in a patient’s treatment;
recognizing the potential harms associated with medical interventions and minimizing
drug dosing and complexity; and identifying and addressing lifestyle and psychosocial
issues that may affect the patient’s quality of life and response to medial care
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Chapter 5
Coronary Interventions in Stable Coronary
Artery Disease

Harald Rittger

Introduction

Increasing age of the human population led to a rising number of cardiac interven-
tions in the elderly [1]. Despite these trends and contrary to the well-known advan-
tages of percutaneous coronary interventions (PCI) in elderly patients with acute
coronary syndromes, there is a lack of evidence regarding the usefulness of elective
PCI in elderly patients with stable coronary artery disease (CAD) as randomized
controlled trials have enrolled very few patients of this age group [2, 3].

The indication to perform PCI may be different in older patients, in contrast to
younger patients with higher levels of physical exercise. Lower pain levels reported
for an older population [4, 5] and a reduction in physical activity, might implicate,
that pain relief as the main indication for PCI does not play a major role for this
patient group.

Furthermore time to onset of pain after repetitive coronary occlusions during
PCI has shown to be significantly longer between elderly and younger patients with
a significantly longer time to onset of pain during occlusions #2 (p<0.001) and
occlusion #3 (p=0.05) [4].

The reduction of mortality, an efficacy not yet proven in an overall population,
may play a minor role in an elderly population as well. Consequently alternative
therapy goals like functional improvement have to be evaluated and their role
defined in elderly patients.

As might be expected, the peri-interventional complication rates are higher and
outcome worse for an older population in regard to the higher incidence of 3-vessel
disease, a higher comorbidity and age specific changes. Therefore, a higher thresh-
old exists to forward elderly patients to PCI [1, 6, 7].
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Contrary to patients presenting with acute coronary syndrome, with a clearly
decreased mortality and a number needed to treat, which is significantly lower than
in a younger patient population, the therapy goals in elderly patients with stable
coronary artery disease are less well defined.

The TIME-trial, still the only trial to demonstrate the effect of an interventional
therapy in an exclusively elderly population, indicated after 1 year, an outcome in
favor of invasive strategy in older patients (>75 years) with stable angina, and after
4 years similar outcomes with regard to symptoms, quality of life, and death as
compared to an optimized drug therapy. The invasive approach carried an increased
early peri-interventional risk, while drug therapy was associated with an increased
probability of later hospitalization and revascularization (TIME). However, this
trial was performed in the late nineties of the last century. Therefore, the recent
evolution of interventional skills and devices, as well as the introduction of new
pharmacological therapies were not yet taken into consideration. Despite increased
success- and lower mortality-rates for elderly patients, evidence is lacking on how
the success of PCI in older patients with stable CAD is defined. Especially for
elderly patients undergoing PCI for stable CAD, there is currently no suitable pre-
dictor for beneficial or harmful outcome of PCI. A comprehensive geriatric assess-
ment may be more effective in the prediction of outcomes in older patients with
CAD, as it reveals functional, cognitive and behavioral deficits. When treating older
patients, it is important to identify these deficits, as they determine whether a patient
can live independently or if they will be dependent on the support of another person
in the future. For example, the concept of activities of daily living (ADL), is a rel-
evant instrument to measure a person’s independence in activities of daily living.

Limitations for Medical and Interventional
Treatment in an Elderly Population

Generally both options, the conservative and the interventional approach, appear to
be more challenging in elderly patients. On the one hand adequate dosing may not
be possible due to multiple medication interactions resulting in a high risk of adverse
side effects. On the other hand, elderly patients often are less suitable for any inter-
vention than younger patients. The reason is, that this group generally appears to be
sicker due to existing preconditions like hypertension, diabetes, COPD and — last
but not least frailty. Vessels are smaller, more contorted and prone to complications
like dissection and perforation. Furthermore CAD is more pronounced, vessels are
more calcified and a higher rate of congestive heart failure in patients presenting
with CAD after intervention is reported. Therefore the suboptimal results reported
in the balloon era, appear to be worse in an older population, since suitability for
intervention was and still is severely restricted. Due to the low evidence-level in
elderly patients, a lot of discrepancies remain in clinical presentation, symptoms,
diagnosis and treatment, e.g. pain sensitivity, which has been reported to be lower
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in an elderly population [4, 5]. Conversely others report higher CCS-levels in elderly
patients, with 70 % of patients over 65 years presenting in class CCS III-IV in con-
trast to 50 % of younger patient cohorts [§—10].

Data on Patients Presenting with Stable CAD for PCI

When evaluating patients with stable coronary artery disease treated by interven-
tion, there is a drop in differences found in outcome and complication rates in
patients over 75 years compared to younger patients as reported earlier. This can
also be noticed in ACS, albeit still counting higher adverse event rates than younger
patients. Overall these rates are decreasing, probably due to an increase in skills,
devices, concurrent medication and in respect to an advancement in the science of
aging patients [11]. A long evolution has taken place from the earliest days of bal-
loon intervention in elderly patients.

In the beginning of the balloon era, reported complications rates and mortality
rates of up to 7 % were especially high in elderly patients [12—14]. Due to the usage
of advanced materials and devices in the early nineties, the success rates were
improved to approximately 90 %. Thompson et al. reported a 50 % drop in mortality
rates in a comparison of 982 patients treated with angioplasty in the eighties (group
A) and 786 patients between 1990 and 1992 (group B) Table 5.1. Technical success
rate was 88.1 % versus 93.5 % (p<0.001), in-hospital death rate 3.3 % versus 1.4 %
(p=0.014), emergency bypass surgery rate 5.5 % versus 0.65 % (p<0.001) and inci-
dence of in-hospital death or myocardial infarction 6.3 % versus 3.4 % (p<0.005).
However, intermediate-term posthospital event-free rates in hospital survivors did
not decrease. The rate of death or myocardial infarction at 6 months was 4.7 % in
group A versus 7.1 % in group B (p<0.05). Survival free of acute myocardial infarc-
tion, bypass surgery, repeat coronary angioplasty or severe angina at 1 year was
66.7 % in group A versus 54.9 % in group B (p<0.001).

Due to the increased use of stents, the advances in antithrombotic medications,
as well as the enhanced use of peri-interventional ACT-measurement, the in-hospital
mortality rate as well as long-term outcome decreased to 1.1 % and even showed a
continuous improvement in the course of time [15].

In a registry recording the data of 7472 patients, an age of 85 years (without
further comorbidities) was associated with a two- to threefold increase in procedure
related mortality [16]. Batchelor et al. concluded, that for elective procedures, pro-
cedural risks vary widely and are strongly influenced by comorbidities such as left
ventricular impairment, renal failure and diabetes mellitus. Interestingly, the authors
found an increase in success rates and a 37 % reduction in cardiovascular events
over a time period of 4 years, potentially outlining the rapid progress in interven-
tional procedures.

Feldman et al., using the 2000/2001 New York State Angioplasty Registry, com-
pared in-hospital mortality and major adverse cardiac events (MACEs; death,
stroke, or coronary artery bypass grafting in emergency and elective PCI cohorts)
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across different age groups (<60 years, 60—80 years and >80 years), with a large
sample of 671 patients >80 years undergoing emergency procedures and 5782
patients undergoing elective PCI. Elderly patients had more comorbidities, includ-
ing more extensive coronary atherosclerosis, hypertension, peripheral vascular dis-
ease, and renal insufficiency, and presented more frequently with hemodynamic
instability or shock. In the emergency PCI group, in-hospital mortality (1.0 % vs
4.1 % vs 11.5 %, p <0.05) and MACEs (1.6 % vs 5.2 % vs 13.1 %, p <0.05)
increased by age. In the elective PCI group, rates of in-hospital complications were
considerably lower, with an incremental increase in mortality (0.1 % vs 0.4 % vs
1.1 %, p <0.05) and MACEs (0.4 % vs 0.7 % vs 1.6 %, p <0.05) in the elderly. The
factor age was a strong predictive of in-hospital mortality rate for emergency and
elective PCI by multivariate analysis. The authors concluded, that elective PCI in
the elderly has a favorable outcome and acceptable short-term mortality rate in the
stent era. Elderly patients, in particular octogenarians undergoing emergency PCI,
have a substantially higher risk of in-hospital death.

The TIME trial still appears to be the milestone trial regarding the treatment of
elderly patients with stable CAD [17]. In this randomized, prospective, multicenter
trial, Pfisterer et al. enrolled patients aged 75 years or older with chronic angina (of
at least Canadian Cardiac Society class II) despite at least two antianginal drugs.
Patients were randomly assigned coronary angiography and revascularization or
optimized medical therapy. The primary endpoint was quality of life after 6 months,
as assessed by questionnaire and the presence of major adverse cardiac events
(death, non-fatal myocardial infarction, or hospital admission for acute coronary
syndrome with or without the need for revascularization). Analysis was by intention
to treat. 150 patients were assigned medical therapy and 155 invasive therapy. After
6 months, angina severity decreased and measures of quality of life increased in
both treatment groups; however, these improvements were significantly greater
after revascularization Fig. 5.1.

Major adverse cardiac events occurred in 72 (49 %) of patients in the medical
group and 29 (19 %) in the invasive group (p<0.0001). The authors concluded, that
patients with angina aged 75 years or older, despite standard drug therapy, benefit
more from revascularization than from optimized medical therapy in terms of symp-
tom relief and quality of life. Subsequently, these patients should first be offered
invasive assessment, regardless of their high risk profile, followed by revasculariza-
tion — if feasible.

After 1 year, improvements in angina and quality of life persisted for both thera-
pies compared with baseline, but the early difference favoring invasive therapy dis-
appeared [17]. Among invasive therapy patients, later hospitalization with
revascularization was considerably less likely (10 % vs 46 %; hazard ratio [HR],
0.19; 95 % confidence interval [CI], 0.11-0.32; P<.001). However, 1-year mortality
rates (11.1 % for invasive; 8.1 % for medical; HR, 1.51; 95 % CI, 0.72-3.16; P=.28)
and death or nonfatal myocardial infarction rates (17.0 % for invasive; 19.6 % for
medical; HR, 0.90; 95 % CI, 0.53-1.53; P=.71) were not significantly different.
The authors concluded therefore, that in contrast to differences in earlier results,
1-year outcomes in elderly patients with chronic angina are similar with regard to
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Fig. 5.1 Comparison of early and late major adverse cardiac events between medically and inter-
ventionally treated patients (Adapted from Ref. [17] with permission)

symptoms, quality of life, death or nonfatal infarction with invasive versus opti-
mized medical strategies based on this intention-to-treat analysis. The invasive
approach carried an early intervention risk, while medical management posed an
almost 50 % chance of later hospitalization and revascularization.

Incorporating a 4 year follow-up of data of the survival rate of patients for
invasive-strategy versus medical-strategy was 91.5 % vs. 95.9 % after 6 months,
89.5 % vs. 93.9 % after 1 year, and 70.6 % vs. 73.0 % after 4.1 years (P=NS) [17].
Mortality was independently increased in patients >80 years of age, with prior heart
failure, an ejection fraction <0.45, with >2 comorbidities, and without revascular-
ization within the first year. Revascularization within the first year improved survival
rates in invasive-strategy (P=0.07) and medical-strategy (P<0.001) patients. The
early benefit of both treatments in angina relief and QoL was maintained long term,
but exemption from major events remained higher in invasive-strategy versus medi-
cal-strategy patients (39 % vs. 20 %, P<0.0001) Figure 5.2. In conclusion, long-
term survival was similar for patients assigned to invasive and medical treatment.
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all 301 TIME patients (left) and of 276 1-year survivors (right) (Adapted from Ref. [17])

The benefits in angina relief and improvement in quality of life were maintained
in both treatments, however nonfatal events occurred more frequently in patients
assigned to medical treatment. Irrespective of whether patients were catheterized
initially or only after drug therapy failure, their survival rates improved if they were
revascularized within the first year.

As before mentioned, this trial is currently the only randomized trial to evaluate
the effects of an invasive treatment in elderly patients. The main limitation of the
TIME trial is the low sample of patient numbers, which does not have the power to
detect significant differences regarding “hard endpoints” like death and myocardial
infarction.

A recent analysis from a German registry was based on the data of 35,534 con-
secutive patients undergoing elective PCI who were enrolled in the ALKK registry
[18]. Of these, 27,145 (76,4 %) were <75 years, 7645 (21.5 %) between 75 and 84
years and 744 (2.1 %) patients were >85 years. Mean age was 68.5 years (60.9—
74.5 years) and 25,784 (72.6 %) were male. Overall intraprocedural events were very
low (1.1 %) and showed no significant difference between the three age groups
(<75 years. [1.1 %]; 75—-< 85 years. [1.2 %];. >85 years. [0.5 %] (p=not significant)).
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Rates of in-hospital death, stroke and transient ischemic attack (TIA), as well as the
combined endpoint in-hospital MACCE were also very low (0.6 % vs. 0.9 % vs.
0.9 %; p<.001) but significantly higher in elderly patients with no further increase in
the very elderly patient group. A significantly higher number of patients of the very
elderly group presented with CCS class-III, with lower rates of objective signs of
ischemia during exercise testing and more often no ischemia at exercise testing.
Elderly patients had a significantly higher rate of severe dyspnea, congestive heart
failure, anginal state CCS class III and lesions were more complex than in the
younger age groups. Furthermore, elderly patients had a higher rate of reduced ejec-
tion fraction and higher rates of renal failure before intervention. However, all these
disparities were not as pronounced to generate meaningful differences in outcome.
Surprisingly, no differences in success rates were found, with only slight variations
in mortality and overall MACE-rates. Although the medical, antithrombotic treat-
ment still is insufficient in elderly patients (e.g. elderly still less likely receive IIb/
[Ta-antagonists), this did not translate into a worse outcome. Undoubtedly, MACE-
rates increased slightly with higher age, but no further increase was distinguishable
from the elderly to the very elderly patient group Fig. 5.3.

Elderly patients still have a higher risk of complications, regardless of them
being treated either medically or interventionally. Similar to younger patients, com-
plications in elderly patients with an invasive approach are bleeding, renal insuffi-
ciency and longer hospitalization, which is associated with a higher mortality rate.
Age is a strong predictor for postinterventional bleeding after coronary interven-
tion. Data from the ACUITY-trial identified female gender, anemia, Heparin + GP
[Ib-1IIa antagonists and age as the most powerful predictors of postinterventional
bleeding [19].

Furthermore, great care has to be taken in terms of the dosage of drugs. In a sub-
group analysis from Protect TIMI-30 trial, dose adjustments in patients receiving
Eptifibatide who had renal insufficiency prior to the intervention, lead to a signifi-
cant drop in minor and major bleeding, as well as the need for transfusion [20].

Therefore, not only a careful evaluation of antithrombotic regimens is essential,
but also the need for dosage adjustment of contrast agents and the elapsed time of
contrast application. Many risk factors have been described for contrast induced
nephropathy (CIN), however age as predictor of CIN has not clearly been identified.
Among patients in the Minnesota Registry of Interventional Cardiac Procedures,
CIN was diagnosed in 22 % of patients with serum creatinine >2 mg/dL and in 30 %
of patients with serum creatinine >3 mg/dL [21]. The following factors have been
associated with increased risk of CIN: diabetes, increased age, higher dose of con-
trast agent, route of contrast administration (intra-arterial versus intravenous), con-
gestive heart failure (CHF), hypertension, periprocedural shock, baseline anemia,
postprocedural drop in hematocrit, use of nephrotoxins, nonsteroidal anti-
inflammatory medications, volume depletion, increased creatine kinase-MB and also
the need for cardiac surgery after contrast exposure [22]. Mehran et al. have pub-
lished a simple risk score of CIN, including both preprocedural and periprocedural
risk factors [27]. Mehran’s model includes CHF, hypotension, intra-aortic balloon
pump, age >75 years, anemia, diabetes mellitus, contrast volume and an estimated
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glomerular filtration rate (¢eGFR) [23]. Brown et al. have developed a similar model,
however restricting it to preprocedural risks. They found that preprocedural serum
creatinine, CHF, and diabetes accounted for >75 % of the predictive model, whereas
other factors accounting for the remainder of the risk model were: urgent and emer-
gency priority, preprocedural intra-aortic balloon pump use, age >80 years, and
female gender [23, 24].

Careful assessment of the access site is crucial in terms of the emergence of pos-
tinterventional complications. Access site complications are reduced significantly in
elderly patients when applying the radial approach. Hu et al. indicated in 268 elderly
patients, aged between 80 and 97 years, who underwent elective PCI between May
2003 and May 2007, that the radial approach was associated with the following in
comparison to the femoral approach: longer cannulation (3.0£2.8 min vs.
2.0+1.9 min, P<0.001), longer fluoroscopy time (23+15 min vs. 19+12 min,
P=0.03) and higher rate of crossover to an alternative access site (9.8 % vs. 3.8 %,
P=0.02) [25]. However, ambulation time (5+2 h vs. 20+4 h, P<0.001), rates of
access site bleeding (2.7 % vs. 9.6 %, P=0.004), hematoma (4.5 % vs. 10.9 %,
P=0.006), or any vascular complication (7.1 % vs. 23.7 %, P<0.001) were signifi-
cantly reduced with the radial approach as opposed to the femoral. Multivariate
regression identifies the radial approach (OR=0.25, CI=0.09-0.75) as an indepen-
dent negative predictor of postprocedural vascular complications. Hu et al con-
cluded, that PCI done via radial approach significantly reduces rates of vascular
complications in high-risk populations of patients aged 80 years and older, in com-
parison to the femoral approach [26]. However, efficacy and procedural success rates
were similar for both groups, whereas cannulation and fluoroscopy time longer and
puncture failure rate higher with the radial approach in comparison to the femoral.

The most recent RIFLE-STEACS-trial randomized in an overall population,
with acute ST-segment elevation acute coronary syndrome, undergoing primary/
rescue percutaneous coronary intervention enhances the value of the radial access
[25]. Patients were randomized to the radial (500) or femoral (501) approach at 4
high-volume centers. The primary endpoint was the 30-day rate of net adverse clini-
cal events (NACE?s), defined as a composite of the following: cardiac death, stroke,
myocardial infarction, target lesion, revascularization and bleeding. Individual
components of NACEs and length of hospitalization were secondary endpoints. The
primary endpoint of 30-day NACEs occurred in 68 patients (13.6 %) in the radial
arm and 105 patients (21.0 %) in the femoral arm (p=0.003). In particular, radial
access was associated with significantly lower rates of cardiac mortality (5.2 % vs.
9.2 %, p=0.020), bleeding (7.8 % vs. 12.2 %, p=0.026), and shorter hospitalization
(5 days first to third quartile range, 4—7 days vs. 6 [range, 5-8 days]; p=0.03) in
comparison to the femoral access Fig. 5.4.

The authors came to the conclusion, that the radial access in patients with
ST-segment elevation acute coronary syndrome is associated with significant clini-
cal benefits, in terms of both lower morbidity and cardiac mortality. Hence, it should
be the recommended approach for these patients, provided that an adequate operator
and center expertise is present. Especially in an elderly population this access site
should be the preferred access, facing a high bleeding rate in this patient group.
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Summary

In summary, elective PCI can be performed with a high success and an acceptable
complication rate in elderly and very elderly patients. Due to recent advancements
in interventional techniques, success rates improved and complications were
reduced especially in elderly patients. Present data confirms, that there were no or
only marginal differences in success- and complication rates in elective interven-
tional procedures found in elderly and very elderly patients, compared to a younger
patient cohort. Risk factors for periprocedural complications in elderly patients are
similar to those found in younger subjects. However, they are more frequent and
thus the disparity in clinical symptoms still are distinctive between the age groups.
The main reasons for the worse outcome in elderly patients in historical cohorts
were: pathophysiologic alterations, comorbid conditions and suboptimal medica-
tion. Consequently, the reasons for the favorable results found with newer data can
potentially be attributed to the advances in interventional devices such as improved
performance of guide wires and catheters, as well as enhanced stent deliverability.
But also the progress in interventional skills and advances in adjunctive medical
therapy may be a second reason for this phenomenon.

Existing data provides evidence, that an elective PCI can be performed safely
and with a high success rate even in the very elderly patient group.

However, age is still strongly predictive for in-hospital mortality, even in case of
non-emergent interventions. Present data provides valuable information about the
current treatment and outcome of elderly patients with stable angina pectoris.
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Nevertheless, the impact of the factor age on the clinical decision making process
needs further evaluation, especially in comparison of interventional treatment ver-
sus medical treatment. Generally, more attention should be paid to the elderly popu-
lation in clinical research and in randomized trials, especially, as it is the fastest
growing population in the western world. A randomized study would be feasible,
comparing the interventional with the medical approach, but also including geriatric
preconditions, like frailty, in very old patients. This ensures, that relevant outcomes
of any treatment in patients with angina pectoris after 1-5 years in this patient group
can be investigated. However, not only the conventional endpoints mortality and
myocardial infarction have to be taken into consideration. On one hand, there is an
eligibility problem for elderly patients, as several therapeutic options are less appli-
cable for elderly patients and that these patients often are poor candidates for any
procedure. On the other hand, we know that there is a different emphasis on the
goals of a procedure. The indication for PCI in very elderly patients still remains
questionable, since it is mainly performed for pain relief and not for a higher life
expectancy. It therefore competes with medical treatment, because physical activity
is reduced in this patient group. Consequently a thorough evaluation of all risk fac-
tors, which could potentially harm the patient, is of great importance. A randomized
study, comparing the interventional with the medical approach, inevitably seems to
be necessary in order to figure out the advantages of an interventional treatment.
However, the practicability of such a study remains at least questionable, due to the
limited life expectancy of this patient group.
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Chapter 6
PCI in Elderly Patients with ACS

Harald Rittger

Introduction

While elderly patients constitute an increasing proportion of all hospitalized patients
with acute coronary syndromes (ACS), advanced age itself has been identified as an
important risk factor for death or recurrent myocardial infarction (MI) in this setting
[1]. However, the use of invasive diagnostic and therapeutic procedures decreases
with increasing age. Presumably due to the fear of complications and in combina-
tion with an uncertainty about the possible success of such an intervention [2-8].
Subsequently, elderly patients with ACS have often been treated conservatively,
despite increasing evidence that patients with more advanced disease and comor-
bidities (as typically observed in an elderly population) may actually gain most
from an interventional coronary revascularization approach (e.g. percutaneous cor-
onary intervention, PCI) [2, 3].

Only very recent observations, that elderly patients have the potential for the
highest benefit from an interventional approach, lowered the threshold to consider
aggressive revascularization strategies in this particular patient group [5]. However
up to now, it is not known, how far this evidence guides the decision making process
in physicians warranting immediate decisions on the different management strate-
gies in this complex patient group, which may affect short- and long term
outcome.

As specific evidence is lacking for this patient group and in light of a completely
occluded artery in elderly patients presenting with ST-elevation myocardial infarc-
tion (STEMI)-ACS, for the majority of cases no different treatment is justified in
comparison to younger patients Fig. 6.1.
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DI-DO = door-in to door-out time; DTB = door-to-balloon time; EMS = emergency medical service; FMC = first medical contact; FMCTB = first-medical-contact-to -balloon time;
PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction.

Fig. 6.1 Organization of STEMI patients, describing pre- and in-hospital management and reperfu-
sion strategies. Care should be given to anticoagulative therapies, but also individual therapy dispos-
als are of high importance. Despite a higher bleeding rate with anticoagulation and especially
fibrinolysis, no different treatment in elderly patients is warranted DI-DO door-in to door-out time,
DTB door-to-balloon time, EMS emergency medical service, FMC first medical contact, FMCTB
first-medical-contact-to-balloon time, PCI percutaneous coronary intervention, STEMI ST-segment
elevation myocardial infarction (Adapted from Windecker et al. with permission. (see Ref. [9]))

Nevertheless, with increasing age the incidence of STEMI-ACS decreases, and
to some extent more patients present with NSTEMI-ACS (non ST-elevation myo-
cardial infarction). In NSTEMI-ACS the situation appears to be more complex.
Patients often have multiple comorbidities and diffuse coronary artery disease with-
out the possibility to identify a culprit lesion. The higher complication rate for
elderly patients treated interventionally additionally impedes the decision to per-
form intervention in NSTEMI-ACS. Specific patients are often denied interven-
tional treatment, while other patients with a possibly higher risk for complications,
receive an invasive treatment. Although strong evidence [10] exists that high risk
subsets, i.e. elderly patients, may actually gain most from an intervention, there is
an obvious lack of evidence, since patients >75 years comprise only 9 % of clinical
trial population and only about 50 % of registry patients [9]. In the past, presumably
due to the fear of complications and in combination with an ambiguity concerning
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the success of an intervention, decisions resulted in a reluctance to perform invasive
procedures in elderly patients.

Despite all advances and increasing evidence, treatment decisions in elderly
patients with NSTEMI are characterized by a continuing uncertainty about the
following:

* the adequate type and

* the adequate time of treatment (for those patients who are considered for invasive
treatment; e.g. interventional versus conservative with optimal medical therapy,
need for pre-interventional preparation [recompensation, hydration, respiratory
stabilization])

* the adequate risk assessment to identify patients who will benefit from an inter-
vention and those, who will not

* the adequate outcome measurement of any treatment in elderly patients (mortal-
ity and MI versus improvement in functional capacity).

Data

There is limited randomized trial data available to guide treatment in elderly patients
with acute coronary syndromes. In a recent large German multicenter registry, sub-
stantial age related differences were identified in the diagnosis and treatment of
elderly patients presenting to a hospital with acute myocardial infarction. The
results confirmed, that elderly patients are a significant and increasing proportion of
the total population treated for ACS [11-13]. The proportion of 28.1 % elderly
patients in the more recent ALKK registry data of 2008 is 2.4 % higher than the
numbers enrolled in the older “Global Registry of Acute Coronary Events”
(GRACE)-registry, which included 24,165 patients with a rate of 25.7 % subjects
aged >75 years, possibly suggesting an increase over time [11].

In a prior published registry of patients with NSTEMI-ACS, over 35 % of the
population were >75 years, emphasizing the growing importance to examine out-
comes in the older age group [14]. In contrast to a significant difference in treatment
modalities between elderly and younger patients (invasive strategy 39 % vs. 56 % with
a 30-day mortality nearly fourfold higher in the elderly population) the study identi-
fied, that age-related differences in diagnostics or the percentage of patients who were
treated with PCI in comparison to the younger patient cohort, were much less pro-
nounced. Therefore, the more recent data showed a trend towards a stronger adher-
ence to evidence based medicine with increased utilization of resources in elderly
patients albeit the recommendations were primarily based on younger cohorts.

As outlined before, older patients with suspected acute myocardial infarction (MI)
often present to the emergency department (ED) with atypical symptoms and inconclu-
sive electrocardiograms (ECG). The use of cardiac Troponin (cTn) has considerably
improved risk assessment and diagnostic accuracy in the ED. The diagnosis of MI has
been further improved by the introduction of novel high-sensitivity cTn assays. Their
analytical precision can lower the cTn cut-off point, according to current definition of
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Table 6.1 C.riter.ia for‘ Primary criteria
patients at high risk with
urgent indication for an
invasive management

1. Relevant rise or fall in troponin
2. Dynamic ST- or T-wave changes (symptomatic or silent)
3. GRACE score >140

Secondary criteria

. Diabetes mellitus

. Renal insufficiency (¢GFR <60 mL/min/1.73 m?)

. Reduced LV function (ejection fraction <40 %)

. Early post-infarction angina

. Recent PCI

. Prior CABG

10. Intermediate to high GRACE risk score (http://www.
gracescore.org)

NeRNe RIEN RRe RV, RN

Adapted from Windecker et al. with permission (see Ref. [9])
CABG coronary artery bypass grafting, eGFR estimated glomerular
filtration rate, GRACE Global Registry of Acute Coronary Events,
LV left ventricular, PCI percutaneous coronary intervention

acute MI (cut-off defined as the 99 % confidence interval of a healthy reference popula-
tion). These assays can measure low-level myocardial injury, which are not detectable
by standard cTn assays. However, Bahrmann et al. showed that the introduction of
high-sensitivity cTn assays substantially increases sensitivity to identify older patients
with ACS, even at the time of presentation to the emergency department at the cost of
specificity. Subsequently, the prevalence of elevated cTn has more than doubled with
the use of high-sensitivity cTn in older patients. No coronary cause was found in two-
thirds of older patients, although more non-ST-elevation myocardial infarction
(NSTEMI) patients were diagnosed earlier by high-sensitivity ¢cTn [15]. Therefore, the
emergency physician encounters increasing difficulties to identify those patients who
are in need for invasive diagnostics [16]. In this setting, the use of an additional marker,
for instance copeptin, may be helpful for diagnostic work-up. Copeptin is the stable
signal peptide of the vasopressin precursor and is considered as a non-specific marker
of stress. Bahrmann et al. showed that the diagnostic improvement of copeptin in addi-
tion to high-sensitivity cTn is moderate, but it may help to reliably rule out NSTEMI in
unselected older patients presenting to the ED [17]. In older patients serial high-
sensitivity cTn measurements and absolute delta-changes at 3 h were more valuable for
early diagnosis of NSTEMI [18].

On the basis of evidence from randomized trials, which were predominately
performed in younger patients, guidelines recommend early interventional treat-
ment for high-risk patients in the presence of ACS [9]. In recent years increasing
evidence has suggested, that patients at risk, including elderly patients, gain most
from invasive procedures in the presence of ACS [10, 11, 19]. The extent to which
this evidence has had an impact on real world management of elderly patients with
ACS remains unclear. Elderly patients with ACS, a high risk population itself,
often do not undergo interventional treatment as recommended by current guide-
lines [11, 20] Table 6.1.
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In a study, evaluating treatment decisions in elderly patients with NSTEMI-ACS
Rittger et al. found, that age itself was the most powerful predictor of conservative
treatment in a population of elderly patients presenting with ACS to the hospital
[21]. This finding was very much in accordance with previous reports. In a registry
of patients with NSTEMI a significant difference was found in the treatment modal-
ities between elderly and younger patients (invasive approach 39 % vs. 56 %) and
outcome with a 30-day mortality was nearly 4-fold higher in the elderly patients
[14]. Comparably, in the GRACE registry, in which elderly (n=4776; 19.8 %) and
very elderly (n=1427; 5.9 %) were diagnosed with coronary angiography in only
55 % of the cases and 33 % respectively, while 67 % of the younger patient popula-
tion received coronary angiography [11].

In the previous mentioned report of Rittger et al., the second most important fac-
tors to influence decision making, were Killip Class III and the presence of multi-
vessel disease. The reluctance in forwarding patients with Killip Class III to an
invasive/interventional treatment might be explained by the apprehension towards
mechanical ventilation combined with a prolonged stay in the intensive care unit.
Both potential consequences of the deterioration of the respiratory situation due to
the use of contrast agents and a prolonged intervention time. This is emphasized by
the fact, that patients with Killip Class II were more likely to be treated interven-
tionally and that the presence of Killip Class IV (patients in cardiogenic shock) had
no significant impact on the treatment strategy.

Impending renal failure explains adequately, why an interventional approach is
delayed or withheld. Nevertheless, in a recent analysis, Morici et al. could identify,
by evaluating the association between baseline creatinine clearance (CrCl), coro-
nary revascularization during index admission and l-year mortality in elderly
patients with an acute coronary syndrome (ACS), that coronary revascularization
decreases the risk of 1-year death across each CrCl category and is one of the most
powerful predictors of 1-year outcome. The authors stratified 313 patients aged >75
into four groups, according to CrCl on admission (using a cutoff of 45 ml/min) and
coronary revascularization versus medical management. The mean age of the study
population was 81 years and the median serum creatinine level on admission was
1.0 mg/dl (interquartile range (IQR) 0.8—1.3). Patients with impaired renal function
treated medically had a higher in-hospital and 1-year mortality rate, especially if
compared with patients with preserved renal function undergoing revascularization
(1-year mortality 22.9 % versus 4.9 %). Across the spectrum of CrCl categories,
coronary revascularization was independently associated with a lower risk of mor-
tality (HR 0.405; 95 % CI 0.174-0.940; p=0.035). The authors concluded, that
coronary revascularization decreases the risk of 1-year mortality across each CrCl
category and is one of the most powerful predictors of 1-year outcome [22].

Patient selection appears to be the most crucial point — choosing patients in an
elderly population who will benefit most from coronary intervention. Conditions
like the presence of a prior stroke or obesity, the fear of intracranial hemorrhage or
access site complications, may deter the responsible physician to forward these
patients to coronary angiography and PCI. The type of myocardial infarction
(NSTEMI or STEMI) or the presence of prior AMI, as well as the presence of
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supraventricular arrhythmias has less, but still significant, influence on the treatment
strategy. It is comprehensible, that an acute invasive intervention is denied to elderly
patients presenting with tachyarrhythmic atrial fibrillation. However, according to
current data, the presence of prior AMI bears a tremendous risk and such a patient
should be forwarded to intervention as soon as possible. Interestingly, a prior CABG
procedure and the presence of COLD seems to have less influence on the treatment
decision [21].

The observation in the above mentioned study, that survival is significantly worse
in conservatively treated patients who did not undergo invasive coronary angiogra-
phy and PCI, as well as the significantly higher in-hospital and long-term mortality
rate for those patients, is a well established finding in interventional cardiology.
Although overall interventional success rates in this study were relatively low, com-
pared to a younger patient cohort, this did not forestall a highly significant better
outcome for those patients, who were treated interventionally.

This phenomenon is best described as “therapeutical paradoxon”: patients with
the highest risk of complications gain the greatest benefit from the intervention.
There are numerous examples for this phenomenon. In the prior mentioned GRACE
registry, total in-hospital mortality was 15.6 % in the conservatively treated group
and as low as 3.5 % in the interventionally treated group [11]. Morrison et al.
reported a 30-day survival of 87 % in 131 patients presenting with ACS receiving
angioplasty with unstable angina [19]. In another study Munoz and co. reported in
76 patients >75 years, predominantly with unstable angina, an in-hospital mortality
rate of 6.6 % [23]. In a recent analysis, Bauer et al. investigated the impact of an
invasive treatment in elderly patients presenting with NSTEMI. They analyzed data
of elderly patients (=75 years) with NSTEMI, who were enrolled in the German
Acute Coronary Syndromes registry between July 2000 and November 2002.
Overall, the 1936 patients were divided into two groups: 1005 (51.9 %) underwent
coronary angiography and/or revascularization, 931 (48.1 %) received conservative
treatment. In the invasive group, percutaneous coronary intervention was performed
in 37.5 % within 48 h and in 17.6 % after 48 h, whereas 9.8 % underwent coronary
artery bypass grafting during hospitalization. In-hospital death (12.5 % vs. 6.0 %,
P<0.0001) and death/myocardial infarction (17.3 % vs. 9.6 %, P<0.0001) occurred
significantly less often in patients with invasive strategy. After adjustment of the
confounding factors in the propensity score analysis, the invasive strategy remained
superior for mortality (OR 0.55, 95 % CI 0.35-0.86) and death and non-fatal myo-
cardial infarction (OR 0.51, 95 % CI 0.35-0.75) and 1 year mortality (OR 0.56,
95 % CI 0.38-0.81). Major bleeding complications tended to be more frequent in
the invasive group (8.8 % vs. 5.8 %, P=0.07). The authors concluded that in clinical
practice, elderly patients with NSTEMI, an invasive strategy was associated with
improved in-hospital and 1 year outcome, however with a trend towards more bleed-
ing complications [24] Fig. 6.2.

The post hoc analysis of the TACTICS-TIMI-18 trial showed, that an early inva-
sive strategy can significantly improve outcomes among elderly patients with non-
ST segment elevation MI. After 6 months, mortality was 10.8 % for invasively
treated patients and 21.6 % in conservatively treated patients [10]. Since inclusion
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Fig. 6.2 Effectiveness of invasive vs. conservative treatment in patients presenting with ACS
(Adapted from Bauer et al. with permission (see Ref. [26]))

was limited to restrictive in- and exclusion criteria, patients with excess comorbidi-
ties were excluded. This is an important fact, as the results of the randomized trials,
which are not specifically designed for elderly, cannot be transferred to clinical
practice especially in this heterogeneous patient group. On the other hand, a high
comorbid burden may have also prevented the inclusion of those patients in
registries.

Regarding patient selection and triage to one of the two treatment modalities,
none of the registries investigated the reasons for the reluctance to forward patients
to interventional procedures (Fig. 6.3).

As already mentioned, one of the main concerns not to forward patients to inter-
vention is advanced age. This reluctance is probably based on the fear of complica-
tions, which are known to occur predominately in elderly patients. Summarizing the
above mentioned results, it seems, that in-hospital mortality in ACS in the elderly is
not only a reflection of the natural history of the disease or a consequence of
intraprocedural complications, but rather a result of treatment choice, a decision
made mainly by the treating physician. Nevertheless several analyses performed
recently, showed that these complication rates are declining [25]. In the above men-
tioned analysis, besides mortality, complication rates were not significantly differ-
ent in interventionally and conservatively treated patients. There was a trend to a
higher risk of major bleeding, but bleeding was noted in both, interventionally and
conservatively treated patients [21]. These findings are similar to the analysis of
Bauer et al., who identified higher bleeding rates in intervened elderly patients,
however these results were not significant [24].

In the above mentioned recent German registry, comparing outcomes in patients
treated with ACS, complication rates were threefold higher in very elderly patients.
Nonetheless, although primary success rates were worse, the number of AEs in the
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Fig. 6.3 “Therapeutical paradox”, showing the clear benefit for elderly patients regarding the
endpoints death, non-fatal MI and rehospitalization (Adapted from Bach et al. with permission
(see Ref. [10]))

elderly remained in a range, which is concordant with the literature. Consequently
the benefits gained from intervention outweighed the complications [4, 10, 14, 23].

Despite technical advances in recent years, percutaneous revascularization in the
elderly still has a relatively high mortality rate, primarily due to increased multimor-
bidity as an inherent consequence of advanced age and secondarily as a conse-
quence of a greater prevalence of multivessel disease and depressed left ventricular
function.

The success of a certain procedure is always dependent from the health status of
the individual undergoing the procedure. While health status across individuals of a
young age cohort is rather homogenous, biological diversity increases with age.
This is probably the main reason, why risk scores used for younger patients, such as
the Global Registry of Acute Coronary Events (GRACE)-Risk-Score, seems to be
less predictive in older patients.

The large multinational observational global registry of acute coronary events
(GRACE) has been used to derive regression models to predict death in hospital and
death after discharge in patients with acute coronary syndrome [11] Fig. 6.4.
However, since age is a major risk factor in this model and part of the risk score
itself, the value of this score for the prediction of adverse events seems less valuable
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Risk calculator for 6-Month Postdischarge Mortality Alter Hospitalization lor Acute Coronary Syndrome

Record the points for each variable at the bottom left and sum the points to calculate the total risk score. Find the total score
on the x-axis of the nomogram plot. The corresponding probability on the y-axis is the estimated probability of all-cause
mortality from hospital discharge to 6 months.
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Fig. 6.4 Risk calculator for 6 months mortality after hospitalization for acute coronary syndrome
(GRACE-Score) (www.gracescore.co.uk)

in elderly patients. Using the GRACE risk score mortality can best be described as
follows: f(x)=(1/(1+ (exp—(=7.966+(0.031*x)))))*100. In a retrospective study of
1001 patients >75 years, mean GRACE risk score in patients treated conservatively
was 168,87, and 150,24 in patients treated interventionally. Attributed mortality risk
according to this calculation was 10.22 % for the non-invasive group and 3.53 % for
the invasive group. The observed mortality was 20.2 % for the conservatively and
2.4 % for the invasively treated patients [21].
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Another study, using the EURO-score (European System for Cardiac Operative
Risk Evaluation), evaluated characteristics and outcomes of elderly patients under-
going isolated AVR. All patients were aged 80 years or older (n=282). Patient age
was 82+2 years (low risk), 82.7+2.7 years (moderate risk), and 83.6+3.1 years
(high risk), respectively (p<0.05). Mean ES(log) predicted risk of mortality was
7.3+1.4 % (low risk), 13.7+2.5 % (moderate risk), and 33.0+11.5 % (high risk;
p<0.05). The observed mortality was 7.5 % (low risk), 12.6 % (moderate risk), and
12.5 % (high risk; p=0.4). The authors concluded, that EURO-score risk stratifica-
tion is imprecise for the prediction of perioperative mortality among octogenarian
AVR patients, but may be useful for predicting mortality during medium-term fol-
low-up [26].

In a prospective cohort study, Schoenenberger et al. showed that older patients
across the whole spectrum of ACS were less likely to receive guideline-recommended
therapies, even after adequate adjustment for comorbidities. They determined that
the prognosis of older patients with ACS may be improved by increased adherence to
guideline-recommended medical and interventional therapies [27]. In two more
recent studies, Schoenenberger aimed to assess mortality and functional develop-
ment in elderly patients undergoing transcatheter aortic valve implantation (TAVI)
and to identify predictors of mortality and functional decline. Over a 6-month period,
functional status worsened only in a minority of patients surviving TAVI. The frailty
index, but not the established risk scores, was predictive of functional decline [28].

Evaluating patients with stable coronary artery disease, decreasing differences
are to be found in outcome and complication rates in patients >75 years, compared
with previous reports. Even in ACS, albeit still counting higher adverse event rates
compared to younger patients, these rates are overall decreasing. Probably due to
developing skills, improvement of devices, concurrent medication and presumably
in respect to the increasing body of knowledge of aging patients, for instance
decreasing pain sensitivity. Comparing the outcome of older versus younger patients
with CABG-procedure in a series of 300 patients with left main disease Rittger et al.
showed, that there was no difference in outcome and quality of life between older
and younger patients treated with PCI [29]. In light of these results, a special risk
score including elderly patients should be developed. This stratification should aim
to identify elderly patients with ACS, who are suitable for reperfusion therapy, with
the largest survival benefit.

Very limited randomized data is available concerning the treatment of very
elderly patients with ACS. In the Italian elderly ACS study, Savonitto et al. evalu-
ated the risk versus benefit ratio of an early aggressive (EA) approach in elderly
patients with non-ST-segment elevation acute coronary syndromes (NSTEACS)
[30]. A total of 313 patients >75 years of age (mean 82 years) with NSTEACS,
within 48 h from qualifying symptoms, were randomly allocated to an EA strategy
(coronary angiography and when indicated, revascularization within 72 h) or an
initially conservative (IC) strategy (angiography and revascularization only for
recurrent ischemia). The primary endpoint was the composite of death, myocardial
infarction, disabling stroke and repeat hospital stay for cardiovascular causes or
severe bleeding within 1 year. During admission, 88 % of the patients in the EA
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Table 6.2 Cumulative rates of the composite primary endpoint in the Italian elderly study

Log-rank p

Outcome EA (n=154) IC (n=159) | HR (95 % CI) value
Primary composite endpoint 43 (279 %) |55(34.6 %) |0.80(053-1.19) |0.26
Death 19 (12.3) 22 (13.8) 0.87 (0.49-156) |0.65

Cardiovascular 16 (10.4) 17 (10.7)

Noncardiovascular 3(2.0) 4(2.5)

Unknown — 1(0.6)
Myocardial infarction 11 (7.1) 17 (10.7) 0.67 (0.33-1.36) | 037
Death + myocardial infarction 28 (18.2) 34 (21.4) 0.85 (052-1.41) |053
Disabling stroke 0 0

Repeat hospital stays for
CV causes or severe bleeding | 18 (11.7) 22 (13.8) 0.81 (0.45-1.46) |0.49

Cardiovascular causes 16 (10.4) 21 (13.2)
Severe recurrent ischemia 0 4 (25)
Revascularization 5(3.3) 9(5.7)
Heart failure 7 (4.6) 4 (25)
Non-CNS embolism 0 1(0.6)
Cardiac arrhythmia 4(2.6) 3(1.9)
Severe bleeding® 2(1.3) 1(0.6)
Noncardiovascular causes 8(5.2) 5(33)

Adapted from Ref. [30] with permission

Values are n (%)

CI confidence interval, CV cardiovascular, HR hazard ratio; other abbreviations as in Tables 1 and 5
“Bleeding Academic Research Consortium grades 2, 3a, and 3b.

group underwent angiography (55 % revascularization), compared with 29 % (23 %
revascularization) in the IC group. The primary outcome occurred in 43 patients
(27.9 %) in the EA group and 55 (34.6 %) in the IC group (hazard ratio [HR]: 0.80;
95 % confidence interval [CI]: 0.53-1.19; p=0.26). The rates of mortality (HR:
0.87; 95 % CI: 0.49-1.56), myocardial infarction (HR: 0.67; 95 % CI: 0.33-1.36)
and repeat hospital stay (HR: 0.81; 95 % CI: 0.45-1.46) did not differ between the
groups. The primary endpoint was significantly reduced in patients with elevated
troponin on admission (HR: 0.43; 95 % CI: 0.23-0.80), but not in those with normal
troponin (HR: 1.67; 95 % CI: 0.75-3.70; p for interaction=0.03) Table 6.2.

In this important study, the authors determined that these results do not allow a
definite conclusion about the benefit of an EA approach when applied systemati-
cally among elderly patients with NSTEACS. The finding of a significant interac-
tion of the treatment effect according to troponin status at baseline should be
confirmed in a larger sized trial Fig. 6.5.

Based on these study results, the same group evaluated the cause of death within
1 year of hospital admission in patients with non-ST-segment elevation acute coro-
nary syndromes in patients aged >75 years [31]. From January 2008 through May
2010, 645 patients were enrolled aged >75 years with non-ST-segment elevation
acute coronary syndromes: 313 in a randomized trial comparing an early aggressive
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Fig. 6.5 Kaplan-Meier survival curves for the primary outcome early aggressive vs. initially
conservative approach in elderly ACS-patients (a—d), all-cause mortality, MI and repeat hospital
stay (Adapted from Ref. [30] with permission)

versus an initially conservative approach, and 332, excluded from the trial for spe-
cific reasons, in a parallel registry. Each death occurring during 1 year of follow-up,
was adjudicated by an independent committee. The mean age was 82 years in both
study cohorts and 53 % were men. By the end of the follow-up period (median 369
days, interquartile range 345-391), 120 patients (18.6 %) had died. The mortality
was significantly greater in the registry (23.8 % vs 13.1 %, p=0.001). The deaths
were classified as cardiac in 94 % of the cases during the index admission and 68 %
of the cases during the follow-up period. Eighty-six percent of the cardiac deaths
were of ischemic origin. In a multivariate logistic regression model, that included
the variables present on admission in the whole study population, the ejection frac-
tion (hazard ratio 0.95, 95 % confidence interval 0.94—-0.97; p<0.001), hemoglobin
level (hazard ratio 0.85, 95 % confidence interval 0.76-0.94; p=0.001), older age
(hazard ratio 1.05, 95 % confidence interval 1.01-1.10, p=0.010) and creatinine
clearance (hazard ratio 0.99, 95 % confidence interval 0.97-0.99; p=0.030) were
the independent predictors of all-cause death at 1 year. The authors established that
in this elderly patient group, within 1 year after admission for non-ST-segment ele-
vation acute coronary syndromes, most deaths in patients aged >75 years have a
cardiac origin, mostly as a result of myocardial ischemia.

It is unclear whether the benefits of an early invasive strategy (EIS) in patients
with non-ST-segment elevation acute coronary syndromes (NSTEACS) equally
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applies to younger and older individuals, as elderly patients are generally less
likely to undergo EIS when compared to younger patients. Consequently, the
same group performed a meta-analysis, to compare the benefit of an EIS versus a
selectively invasive strategy (SIS) in patients with NSTEACS, to test if the ben-
efit of an EIS over a SIS applies to older individuals [32]. The authors extracted
data from randomized controlled trials (RCTs), identified through search meth-
odology filters. The primary outcome of the analysis was the composite of all-
cause death and myocardial infarction (MI). Secondary outcomes were death and
MI taken alone and re-hospitalization. Nine trials (n=9400 patients) were eligi-
ble. The incidence of the composite end-point of MI and all-cause death was
16.0 % with the EIS and 18.3 % with the SIS (OR: 0.85, 95 % CI: 0.76-0.95).
The incidence of MI was 8.4 % with the EIS and 10.9 % with the SIS (OR: 0.75,
95 % CI: 0.66—0.87). Similar results were obtained for re-hospitalization (OR:
0.71,95 % CI: 0.55-0.90). The incidence of all-cause death did not differ between
the two groups. However, the EIS reduced the composite end-point and re-hospi-
talization to a greater extent in elderly than in younger patients (P for interac-
tion=0.044 and <0.0001, respectively). These findings were confirmed in
meta-regression analyses. The authors concluded, that in patients with NSTEACS,
a routine EIS reduces the risk of re-hospitalization and the composite end point
of recurrent MI and death, to a greater extent in elderly than in younger
individuals.

Conclusion

In the light of the above mentioned data, older patients presenting with an acute
coronary syndrome (ACS) in general have a broader spectrum of clinical presenta-
tion and higher complication rates when undergoing treatment, either intervention-
ally or conservatively.

These patients should not be treated differently from younger patients, since they
gain the greatest benefit from interventional treatment. However, more caution eval-
uating benefits and risks of usual therapies should be applied. The consideration of
remaining life expectancy, quality of life and patient preferences and values is more
important for clinical decision making than in younger patients. Future work has to
be done:

* to identify the most efficient assessment tools that provides clinicians and
patients with useful information for the kind of treatment and outcome after any
treatment

* to determine and to identify patients and their preconditions (comorbidities and
functional capacity), which should lead to intervention or deferral from interven-
tional therapy and to the identification of patients, who benefit most from
intervention

* to determine adequate outcome measurements after 6 months for both groups
(death, myocardial infarction, stroke, frailty, functional capacity, pain relief) in



74

H. Rittger

order to determine factors, which may be more effective and more suitable in the
prediction of outcomes in NSTEMI in elderly patients (as it reveals functional,
cognitive and behavioral deficits, which may play a decisive role)

to evaluate patient wishes regarding the aim of the therapy in the presence of
stable angina and acute coronary syndromes as well.

Furthermore advances in interventional skills, for instance the increasing use of

the radial approach, development of adjunctive drug therapy and the increasing use
of a multidisciplinary decision making process in these patients, will help to improve
the results when treating elderly patients with ACS.
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Chapter 7
CABG Versus PCI in Elderly Patients

Harald Rittger

Introduction

Octogenarians represent an increasing proportion of patients admitted to hospital
for revascularization due to coronary artery disease (CAD), either for percutaneous
coronary intervention (PCI) or coronary artery bypass graft (CABG). This patient
group is the fastest growing part of the population in the industrialized world with
life expectancies being predicted to 77.1 years for men and 81.9 years for women in
2030 in the US [1]. This rapidly rising entity (including the top of the baby boomer
generation), will crowd the “nursing homes” in about 30 years and consequently
lead to a dramatic increase of patients with multivessel disease. About 40 % of
people aged 80 years and more suffer from coronary heart disease which is account-
able for >50 % of the mortality in this group [2].

In general there are three options to treat such patients: medical therapy, coro-
nary intervention or surgery. Comorbidity and a lower physiological reserve distin-
guish this patient group substantially from younger patients, leading to consequences
for the treatment options for elderly patients. Logically, in comparison to younger
patients, worse outcomes are reported, with a higher morbidity and mortality for
both — intervention and surgery. Moreover, effectiveness of different treatment regi-
mens are still poorly evaluated due to the fact, that advanced age was an exclusion
criteria in most of the studies [3, 4].

In fact, in everyday clinical practice elderly patients are often primarily directed
to percutaneous interventions due to the assumption, that PCI offers a lower risk
during the procedure, a risk that may even be too high for most of the octogenarians.
In summary, both PCI and CABG offer advantages over medical therapy. PCI shows
a lower in-hospital morbidity and mortality, while CABG-procedure in the long run,
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shows lower mortality and less reinterventions, however at the cost of a significantly
higher stroke rate. When treating elderly patients, one of the main question remains,
how relevant long term outcome in patients beyond 85 years is — a questions that up
to now has not been answered. Furthermore, there is currently no data available
concerning patient anticipations and wishes after coronary intervention and CABG
procedure. Therefore, the main challenge for physicians in this context is, how to
advise elderly patients: which of the treatment alternatives are best suited for an
individual patient. This task can be considered difficult in the light of at least par-
tially conflicting or non present evidence in the treatment of elderly patients with
CAD Table 7.1.

Differences to a Younger Patient Cohort

According to recent ESC guidelines for myocardial revascularization in younger
patient cohorts, angina is associated with the following: reduced exercise capacity,
reduced quality of life, mental depression and repeated hospitalizations [5]. This is
where the disparity to an elderly population becomes apparent. Elderly patients will
probably not experience ischemia as angina, which will become noticeable as a
decline in exercise capacity, congestive heart failure, dyspnea or, in some cases even
as confusion or delirium. Albeit the incidence of CAD is growing with advanced
age, with autopsy studies suggesting a prevalence of at least 70 % in patients
>70 years, however only 15-30 % of the patients over 65 years show clinical signs
of CAD. The discrepancy between clinical and autopsy prevalence implicates, that
CAD often is silent and goes undetected in this patient group. This is underlined by
a significantly reduced angina detection in elderly patients. Rittger et al. showed in
a study of 101 patients undergoing PCI, in repeated balloon inflations during PCI, a
significantly reduced pain sensitivity in patients >69 years compared with a younger
patient group [6]. Another study by Ambepitiya et al. [7], investigated age-associated
changes in pain perception, by comparing the time delay between the onset of
ST-segment depression and the onset of AP during exercise stress testing. The
authors found a significant difference of the mean delay to onset of pain, which was
49 s in patients aged 70-82 years and 30s in patients aged 42—59 years. One can
conclude from these results, that there is an age dependent reduction in pain sensi-
tivity, independent of objective signs of ischemia and of ischemic preconditioning.
The reasons for the diminished pain perception in the elderly patient cohort remain
unclear. Ambepitiya et al. postulated that peripheral mechanisms such as changes in
the myocardial autonomic nerve endings with blunted ischemic pain perception, as
well as changes in central nervous mechanisms, may be a cause for this phenome-
non. Another theory suggested, that the higher prevalence of silent myocardial isch-
emia and infarction in elderly patients with CAD may be related to increased levels
of endogenous opioids and increased opioid receptor sensitivity [8]. This explana-
tion does not appear likely, as studies have demonstrated a similar increase in
response of beta-endorphin levels to exercise in both elderly and younger patients [9].
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Additionally, animal studies show a decrease in opioid receptor responsiveness with
advancing age [10].

Moreover, with advanced age, it will become more difficult to perform isch-
emia testing in suspected CAD, since many elderly patients will not be able to
carry out exercise tests due to physical disabilities (e.g. degenerative joint dis-
ease). Consequently, the detection of CAD in elderly patients prior to any diag-
nostic or therapeutic intervention, appears to be difficult in light of other age
specific changes.

Results for PCI in Multivessel Disease

The success of CABG-surgery in earlier days has been attributed to the greater
efficacy of surgery to achieve a complete revascularization in the setting of multi-
vessel- and left main disease. Nevertheless, in the growing elderly population
there are plenty of reasons to justify the search for alternatives to surgery. Many
of these patients will have a higher risk for perioperative complications: for
instance myocardial infarction, prolonged mechanical ventilation, pneumonia and
especially neurological events. For a high percentage, the indication to perform
CABG procedure with an even higher postoperative morbidity rate, seems at least
to be questionable. Especially in view of the presumably preferred outcomes in
the elderly, (since there is no data available about patients anticipations to revas-
cularization) — namely to maintain their functional status and quality of life. The
search for alternatives to CABG therefore has partially liberated the evolution of
interventional cardiology.

There are plenty of trials evaluating the effectiveness of angioplasty in the
treatment of multivessel disease, prior to the era of stenting and the introduction
of DES in interventional cardiology. However, it is interesting to point out, that
contrary to the present evidence in coronary bypass grafting, besides the TIME-
trial (which compared the effect of coronary intervention with stenting in com-
parison to medical treatment alone), currently no randomized trial exists, which
was exclusively performed in an elderly population. The majority of all trials
were performed in an overall population, with subgroup analyses for elderly
patients in some trials and the vast majority of the present evidence comes from
retrospective analyses.

Starting with the balloon era in an overall population, the BARI-trial (Bypass
Angioplasty Revascularization Investigation) as a milestone trial, showed an equiv-
alent mortality rate after 30 days at the cost of a higher revascularization rate in
patients receiving PCI (52 % vs. 6 % with CABG after 5 years) and a higher stroke
rate in patients treated with CABG. However, it indicated a 5-year cardiac mortality
in patients with multivessel disease, which was significantly greater after initial
treatment with PTCA than with CABG. The difference was manifest in diabetic
patients on drug therapy: there were no significant differences overall for the com-
posite end point of cardiac mortality or MI between treatment groups or for cardiac
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Fig. 7.1 Adjusted overall MACE rates at the end of follow-up, according to age and procedure
(Adapted from Ref. [13] with permission)

mortality in nondiabetic patients, regardless of symptoms, left ventricular function,
number of diseased vessels or stenotic proximal left anterior descending artery
(Figs. 7.1 and 7.2) [11].

In the following decade, the implementation of stent techniques and the intro-
duction of modern antiplatelet therapies has expanded the potential of interven-
tional therapies substantially.

In the Alberta Provincial Project for outcomes Assessment in Coronary Heart
Disease (APPROACH) study, a large cohort of patients >70 years undergoing PCI
were studied and their survival examined by prescribed treatment (CABG, PCI, or
medical therapy) for patients in three age categories: <70 years, 70-79 years, and
>80 years of age. In 15 392 patients, 4-year adjusted actuarial survival rates for
CABG, PCI and medical therapy were 95.0 %, 93.8 %, and 90.5 %, respectively. In
5198 patients 70-79 years of age, survival rates were 87.3 %, 83.9 %, and 79.1 %,
respectively. In 983 patients >80 years of age, survival was 77.4 % for CABG,
71.6 % for PCI, and 60.3 % for medical therapy. Absolute risk differences in com-
parison to medical therapy for CABG (17.0 %) and PCI (11.3 %) were greater for
patients >80 years of age than for younger patients. After 4 years, those patients
over 80 years had the poorest survival rate with medical therapy 60.3 %, PCI171.6 %
and CABG 77.4 %. In this study, for the first time, the so-called risk-paradoxon was
described: elderly patients paradoxically had greater absolute risk reductions, asso-
ciated with surgical or percutaneous revascularization, than do younger patients.
The combination of these results with a recent randomized trial suggests, that the
benefits of aggressive revascularization therapies may extend to subsets of patients
in older age groups [12].

Nonetheless, one has to keep in mind that due to a lack of randomized data, that
probably the fittest were chosen to receive surgery and those patients in a worse
condition were given medical therapy.
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Fig. 7.2 Thirty day mortality rates for CABG (panel a) and PCI (panel b) in different studies
(Adapted from Ref. [21] with permission)

Comparing the outcome of older versus younger patients with CABG-procedure
in a series of 300 patients with left main disease, Rittger et al. showed, that there
was no difference in outcome and quality of life between older and younger patients
treated with PCI [13].

In the ARTS-trial, which randomized 600 patients to PCI and 605 patients to
CABG, patients treated with surgery showed longer symptom free survival [14].
Despite having more complex lesions, results from stenting were better than in the
BARI trial. Interestingly, advanced age was an independent predictor of unfavorable
outcome in the CABG-, but not in the PCI group.

All other trials from this era, like the ERACI-2 trial, demonstrated a favorable
18-month mortality rate in the PCI group, however a higher reintervention rate [15].
The SOS-trial showed the same results, namely higher reintervention rates and
lower stroke rates with PCI. It is interesting to note, that after 1 year in the SOS trial,
quality of life and physical health status was comparable between the two groups in
the elderly subgroups [16]. The only study with a predominantly elderly population
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was the AWESOME-study (more than 50 % of the patients enrolled were >67 years),
which randomized patients with a high risk profile for cardiac shock or reduced
LV-EF [17]. Results showed a similar outcome after 3 years regarding longterm
mortality and quality of life.

The most recent SYNTAX-trial randomized patients with either left main or
three-vessel disease to CABG or PCI, contrary to previous trials where patients
received drug evading stents [18]. After 3 years there was no significant difference
in the composite endpoint death, MI and stroke, with a higher rate of revasculariza-
tion in the PCI group. Moreover, in this study the SYNTAX-Score was introduced,
as an anatomical and morphologic grading tool in order to encompass the complex-
ity of coronary artery disease. It consists of different angiographic scoring systems
for the evaluation of bifurcations, the extent of calcifications and the presence of
chronic occlusions. With a cut-off value of 33, it differentiates patients who will
likely benefit from an intervention and those who will not, nota bene patients
throughout all age groups. This score does include angiographic items and is able to
predict reintervention rates, however not clinical outcomes of patients with multi-
vessel disease. Furthermore, it is very helpful in the decision making process con-
cerning the usefulness of coronary intervention or transferring to bypass surgery.

Again it is noteworthy, that all these trials have not been performed in an exclu-
sively elderly population, which underlines the need for a randomized study in the
elderly population.

Results for CABG

As already mentioned, all studies comparing different treatment strategies in the
elderly, patients treated with PCI have a favorable short term outcome, however
longterm outcome appears to be in favor of surgery. Compared to a younger popula-
tion, in-hospital mortality rates for patients operated with stable coronary artery
disease are higher than in younger patients and results are reported to be in a range
between 2.2 and 9.7 %. Nevertheless, with the evolution of surgical techniques (e.g.
off-cap-technique or the frequent use of the internal mammary artery), a significant
and continuing drop in complication rates has been documented.

In an early study, CABG procedure in elderly patients was associated with a
mortality rate of 24 % [20] and in comparison to a recent meta-analysis of 65 studies
juxtaposing CABG surgery with PCI, reported a 30 day mortality of 5.3 % [21].
Since several studies confirm the decline in mortality rates [19, 22, 23], one could
conclude, that age is not a prognostic parameter any longer, nonetheless age is an
incremental part of the two most predominantly used clinical scores, the STS and
Euro-Score.

In a sequential cross sectional analysis in a single center retrospective study,
examining 1062 consecutive patients 80 years and older with a mean age of
83+2.8 years, Kurlansky and co found an in-hospital mortality of initially 9.7 %,
which decreased to 2.2 % in the course of the study between 1989 and 2001.
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In-hospital complications were reported at a rate of 33 % ranging from complica-
tions such as reoperation due to bleeding (3.2 %), perioperative myocardial
infarction in 1.5 %, low cardiac output in 16.2 %, cardiac arrest 7.8 %, renal insuf-
ficiency in 9.8 %, respiratory insufficiency in 17.8 %, cerebrovascular accident
3.2 % and deep sternal infection in 1.5 %. The following independent correlations
of hospital mortality were identified: date of surgery, arrhythmia, abnormal ejection
fraction, renal insufficiency, non-elective surgery conduit type and reperfusion time.

Using Medicare claims data (with 10,141 patients with ACS and aged 85 years
or older), Sheridan et al. discovered after 3 years early benefits, with lesser morbid-
ity and mortality with PCI, however CABG outcomes improved by 3 years [24].
After 3 years 66 % patients receiving CABG survived, compared to 62.7 % of PCI
recipients. 46.1 % of CABG patients were free from the composite endpoint (death,
repeat revascularization, stroke, acute myocardial infarction) vs. 38.7 % of PCI
patients. The authors concluded, that in very elderly patients with ACS, the opera-
tive treatment has advantages compared to PCI. Nevertheless, for optimization of
these outcomes, patient selection requires the absence of the following: significant
congestive heart failure, lung disease and peripheral vascular disease. According to
Sheridan et al, after 3 years 60 % of patients of either treatment and after 5 years
50 % of patients >80 years are still alive.

This development can be attributed to the overall advanced operative skills of
cardiac surgeons, for example the increasing use of the left internal mammarial
artery. However, there is still no pattern, which can discriminate mortality in the
elderly from a younger population and despite all advances in cardiac surgery,
stroke rate remains twice as high in the elderly patient group [21, 25].

Interestingly, contrary to the observed mortality drop, morbidity does not
decrease. In a population, which is getting older and older, with an increased comor-
bid burden, one can imagine, that mortality is hence not the sole and the adequate
parameter of operative outcome. Retrieval of functional status, the ability to per-
form activities of daily life when returning to the own home, are goals which are
perhaps more warranted by the elderly population than absolute gain in life years.

CABG Versus PCI

As outlined before, randomized studies as well as large registries have demon-
strated, that for intervention as well as for surgery, better outcomes and an improved
quality of life compared to medical treatment. Nonetheless, it is still unknown,
which of the two treatment options performs better especially in elderly patients.
Mc Kellar et al. reported in a meta-analysis of 66 studies comparing PCI vs. CABG
in octogenarians, a pooled estimate of a 30 day mortality for the CABG group of
7.2 % (6.3-8.2 %) compared to 5.4 % (4.4-6.4 %) for the PCI group. One year
survival was reported to be in a range of 86 % in the CABG vs. 87 % in the PCI
group, 3 years survival was 78 % for both groups and 5-year survival was 68 % for
the CABG- and 62 % for the PCI group [21] Table 7.2.
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Table 7.2 Pooled estimates ~ CABG and PCI studies Pooled estimate | 95 % CI
for short and long-term

survival rates in patients 30 day mortality 6.3 % >.3-7.4

treated with intervention 1 year survival 86 % 84-88

or CABG-procedure 3 year survival 78 % 74-81
5 year survival 67 % 61-72
CABG studies
30 day mortality 72 % 6.3-8.2
1 year survival 86 % 83-88
3 year survival 78 % 74-82
5 year survival 68 % 62-73
PCI studies
30 day mortality 54 % 4.4-6.4
1 year survival 87 % 84-91
3 year survival 78 % 68-87
5 year survival 62 % 46-77

Adapted from Ref. [21]
Abbreviations: PCI percutaneous coronary intervention

Table 7.3 .Predictors of 30 Variable Estimate | P value
day mortality rates Predictor
CABG 5.8 % <0.001
Male gender 0.3 % <0.001
Multivessel disease 0.07 % 0.001
Abnormal left ventricular ejection fraction | 0.1 % 0.001
Protective
More recent study 0.5 % <0.001
Nonelective revascularization 0.04 % 0.02
Diabetes mellitus 0.3 % <0.001

Adapted from Ref. [21]

The authors came to the conclusion, that revascularization can be performed in
octogenarians with acceptable short-term and long-term outcomes; however, most
of the evidence is, low level. Furthermore, it is unclear whether octogenarians derive
a greater survival benefit from CABG or from PCI, as preprocedural risk profiles
differ between intervention types. Periprocedural and long-term outcomes are nev-
ertheless equivalent, therefor randomized, controlled trials of high-risk octogenari-
ans are needed (Table 7.3).

Due to the lack of randomized studies the quality of available evidence is low
level for octogenarians undergoing revascularization. This is impressively reflected
in the review of McKellar, with 5 studies to compare 3 years survival and 3 studies
to compare 5 years survival in this very elderly patient group. One reason for the
lack of randomized studies could be, that physicians and patients are unwilling to
randomize or participate in a study comparing PCI with CABG, since there is a
common fear not to survive any of these alternatives, esp. the surgical one.
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As the proportion of elderly patients increases, possibilities to perform a ran-
domized study should increase. This study should incrementally include questions
such as: quality of life, the regaining of functional status, neurological outcomes
and should try to answer the main question of meaningful endpoints for elderly
patients.

Selection Criteria

A major problem arising with retrospective analysis is the imminent selection bias
for physicians and in part for the elderly patient itself, as only patients with an
apparent low risk with surgery were included. For instance, those patients may have
had less comorbid conditions and biological age may be less than expected, reha-
bilitation time may be shorter, et cetera.

Quantification of risk is problematic, since the STS-score as well as the new
EuroScore Il include age as one of the main risk factors for a higher operational risk
Table 7.4.

To date there are no selection criteria known to differentiate between elderly
patients whether it is preferable to operate or to intervene. The favorable and better
short term outcomes in patients receiving PCI might put across, that PCI is the only
alternative for those patients. However, as previously mentioned, the favorable long
term outcomes for surgery, even for elderly and very elderly patients arises as a
viable alternative to PCI.

But, again the question materializes whom to intervene and whom to operate?
Following relative contraindications should be considered: poor left ventricular
function with huge ischemic or scar territories, small vessels as bad anatomical
target and diffuse disease of the coronaries including poor anatomical targets, lack
of conduits which could serve as bypass grafts, reduced pulmonary function, ana-
tomic conditions which prevent successful surgery like a porcelain aorta, bleeding,
severe reduced life expectancy, metastatic cancer, liver dysfunction, advanced age
>90 years and poor physical status including excessive frailty. Dealing with elderly
patients the question arises, where does poor physical status begin? Is it a patient
who is wheel chair bound and/or suffering from dementia and to which degree. We
know very well it is not only mortality, that is important for elderly patients. The
question emerges, if long term outcome really does play a major role in octogenar-
ians. Are not other factors such as the prevention of functional decline, improve-
ment in quality of life and ability to perform activities of daily life a more powerful
goal? Therefore elderly patients should be given the choice between surgery, PCI
and/or medical management. In an elderly population with multiple comorbidities,
these issues are far more compelling than long term survival. Up to date there is no
evidence, which expectations elderly patients have to any interventions, is it long-
term outcome or improvement of the functional status?

Recent data suggest, that the use of frailty scores, gait speed and the estimate of
functional status, provide better information for the assessment of perioperative
risk [26, 27].
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In this regard it seems essential to inaugurate a new risk score exclusively made
for elderly patients, which incorporates morphologic, clinical, as well as functional
items like frailty, functional status and pre-existing quality of life.

Summary

How to deal with an aging population whilst facing increasing health care costs and
decreasing resources for an optimal health care management, will be the decisive
question in the upcoming years. Prospective trials and registries have shown compa-
rable survival rates and increased quality of life, for patients treated with intervention
or surgery [19, 21-23, 28]. Subsequently, overall invasive procedures, either PCI or
CABG-procedure, show advantages over medical therapy. Among older adults both
options increasingly provide better results regarding short term mortality and espe-
cially longterm mortality. Very elderly patients often suffer from poor functional sta-
tus, cognitive impairment and plenty of comorbid conditions like chronic obstructive
pulmonary disease, renal insufficiency and neurological disorders. Those patients
definitely need an individualized management. The decision making process between
invasive and medical treatment, can never be evidence-based, since randomized stud-
ies are lacking and hence it often appears to be virtually impossible. In summary all
three options, medical management, intervention and surgery are viable options to
treat an elderly patient with multitvessel disease. Which of these alternatives will be
the most appropriate one for an individual patient, remains the most challenging ques-
tion in this context: what are the main selection criteria for any therapy, is there an
increased risk for any of these options, does the improvement in symptom relief and
functional capacity justify the increased risk for complications, how sustainable is this
improvement, what is wanted from the elderly population itself, what are the expecta-
tions of elderly patients, and finally is quality of life, is frailty or improvement in
functional status the goal which should be reached?
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Chapter 8
Non-coronary Interventions in the Elderly

Ralf Birkemeyer

Introduction

Surgical repair has been the predominant curative approach to valvular heart disease
in the industrialized nations during the last decade in spite of the fact that mitral
valvuloplasty is the usual approach to rheumatic mitral stenosis with fused commis-
sures. Rheumatic valve disease, however, has fairly declined due to the decrease of
rheumatic fever. Degenerative aetiology of valvular disease especially of the aortic
valve is now predominant and prevails in the elderly population [1-3].

As surgical risk is largely dependent on age and age-related comorbidities [4, 5]
a substantial proportion of affected patients are deemed no appropriate candidates
for open heart surgery.

The European Heart Survey from 2001 showed that about 30 % of patients aged
>75 years with severe aortic stenosis and an accepted indication for aortic valve
replacement were managed conservatively. In patients with severe, symptomatic
mitral regurgitation of predominantly degenerative and ischemic aetiologies only
49 % had a surgical repair. In both cohorts age was the main extra-cardiac reason for
non-surgical treatment [1, 6].

Although prognostic considerations might be a minor issue for the very elderly
with valve disease the symptomatic limitation of daily activities or even symptoms
at rest can have detrimental effects on quality of life in patients with prohibitive or
high surgical risk [7, 8]. An interventional repair of the underlying structural prob-
lem avoiding the trauma of open heart surgery has been considered an interesting
alternative in this patient subset for quite a while. Balloon aortic valvuloplasty for
aortic stenosis in the elderly was established in 1986. In spite of good initial hemo-
dynamic improvement mid-term results after a few months were rather disappoint-
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ing [9, 10]. Only recently new interventional technologies like transcatheter aortic
valve replacement for aortic stenosis and transcatheter repair for mitral insufficiency
have been introduced as appropriate options for causal long-term treatment in non-
surgical patients [11, 12].

In addition transcatheter mitral repair has emerged as supplementary therapy in
heart failure patients with functional mitral insufficiency. Surgical repair in this
cohort of patients is not generally recommended due to equivocal study results [13].

Another emerging non-coronary intervention without established surgical alter-
native is left atrial appendage closure in patients with atrial fibrillation and contra-
indication for long term anticoagulation [14, 15]. Both conditions are predominantly
encountered in the elderly due to the increasing prevalence of coronary artery dis-
ease and atrial fibrillation with age [16, 17]. Furthermore age is an important deter-
minant of bleeding risk [18].

Interventional closure has also been established for different types of shunts like
in atrial septal defects. Detecting significant atrial septal defects in elderly patients
raises rather the question of closing the defect at all than how to close.

Paravalvular leaks after surgical valve replacement and post-myocardial infarc-
tion ventricular septal defects are rare causes of significant shunts or hemolysis.
They might however require urgent treatment. Preference of a surgical or interven-
tional approach is a highly individualized decision with the lack of general
recommendations.

Balloon Aortic Valvuloplasty and Transcatheter Aortic
Valve Replacement

Degenerative aortic stenosis is a typical disease of the elderly population (>70 years)
with frequent denial of surgery due to a prohibitive or high surgical risk [19, 20].
Degenerative disease can manifest earlier with additional valve pathology (bicuspid
valve or rheumatic disease). Once symptoms have occurred spontaneous prognosis
is poor with the majority of patients being dead within 5 years after onset of angina,
3 years after syncope and 2 years after onset of heart failure [21, 22].

Balloon aortic valvuloplasty (BAV) was introduced for symptomatic relief in
non-surgical patients in 1986 [23]. Initial hemodynamic improvement after stand-
alone valvuloplasty was however of short duration due to early recoil of the stretched
aortic annulus and further leaflet calcification. At that time the BAV procedure also
had a rather high complication rate (e.g. vascular injury, ventricular perforation,
massive aortic regurgitation, annulus rupture, embolic events) which has been over-
come with further advancement of technique and materials [24]. Due to these limi-
tations the method had been largely abandoned by the 1990s. In the era of
transcatheter aortic valve replacement aortic valvuloplasty has been incorporated in
the procedure. Stand-alone valvuloplasty might still be an option in some multi-
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Fig. 8.1 Edwards Sapien 3
transcatheter aortic valve
(Figure used with
permission from Edwards
Lifesciences Corporation,
Irvine, CA, USA)

morbid patients presenting with hemodynamic instability where the contribution of
the aortic stenosis to the overall condition is not clear.

BAV is usually performed as retrograde procedure via an arterial 10 or 12 French
femoral access in conscious sedation. Rapid pacing during balloon inflation is rec-
ommendable. The choice of the balloon size (usually 20-23 mm) depends on the
diameter of the aortic annulus, oversizing should be avoided.

Transcatheter valve replacement has been an experimental concept since 1965
[25]. From then it took another 25 vears of stent technology development until the
first percutaneous valve was implanted in a right ventricle to pulmonary artery pros-
thetic conduit in a young patient [26]. The first transcatheter aortic valve replace-
ment followed in 2002 in an elderly male [27]. Since then transcatheter aortic valve
replacement (TAVR) has shown a highly dynamic evolution. The initial devices
have been re-designed several times and a considerable number of new devices are
available now for commercial use in Europe (Fig. 8.1). At present there are basically
three different technological principles used in biological transcatheter valves:
valves are either mounted in balloon-expandable or self-expandable stents or in a
polymeric tubing system which is expanded by fluid filling that is finally replaced
by polymer.

The initial ante-grade access is still available as trans-apical procedure, the trans-
septal access however has been completely abandoned. At present the retrograde
trans-femoral access is clearly predominant (Fig. 8.2). Occasional patients with a
difficult femoral access are also done via a subclavian, direct aortic or carotid retro-
grade approach.
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Fig. 8.2 Transfemoral delivery system “commander” for the Edwards Sapien 3 transcatheter
valve (Figure used with permission from Edwards Lifesciences Corporation, Irvine, CA, USA)

Initial use of TAVR was restricted to elderly patients with high and very high
surgical risk assessed by surgical risk scores as the Euroscore or the STS score
[4, 5, 28]. It became clear that especially the Euroscore overestimated the surgical
risk that is better predicted by the STS score [5, 29] and the Euroscore II [30].
However, STS and Euroscore II also neglect important risk determinants like frailty
[31] Individual patient assessment by heart teams is therefore essential for patient
selection.

Meanwhile two randomized landmark trials have confirmed the efficacy of
TAVR with first generation transcatheter valves in patients with prohibitive
surgical risk compared to medical therapy and in high risk patients compared
to surgical valve replacement (SAVR). In the cohort B of the PARTNER trial
358 patients with aortic stenosis who were not considered to be suitable candi-
dates for surgery underwent randomization to TAVR with the Edwards Sapien
valve or standard therapy. Mean age of the cohort was 83 years and logistic
Euroscore >20 %. One year mortality in the TAVR group was 30.7 % compared
to 50.7 % in the group with standard therapy (p<0.001) [11]. In the cohort A
of the PARTNER trial 699 high-risk patients (logistic Euroscore >20 %) with
a mean age of 84 years were randomized to TAVR or SAVR. One year mortal-
ity in both groups was comparable (24.2 % for TAVR and 26.8 % for SAVR).
The rate of stroke and vascular complications was higher with TAVR whereas
major bleedings and atrial fibrillation occurred more often after SAVR [32]. The
second first generation transcatheter valve, the CoreValve, was implanted in the
U.S. CoreValve trial. The extreme risk group was a single arm registry of 506
patients with aortic-stenosis and prohibitive risks for surgery which showed a
promising 24.3 % mortality and 4.3 % stroke rate after 1 year [33]. The high
risk group consisted of 795 patients with a mean age of 83 years and a logistic
Euroscore of approximately 18 %. Patients were randomized to TAVR with the
Corevalve or SAVR. Mortality after 1 year was significantly lower in the TAVR
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compared to the SAVR cohort (14.2 % vs 19.1 %; p=0.04 for superiority) with
no increased stroke rate (8.8 % versus 12.6 %) [34].

The better results of TAVR in the U.S. CoreValve trial compared to the PARTNER
trial might be multi-factorial. Randomized data comparing different valve types are
limited [35]. In spite of the fact that specific endpoints for TAVR trials have been
defined (VARC and VARC II criteria) the short re-design cycles of these devices
quickly invalidates such comparisons at present.

Paravalvular leaks, non-retrievability and access size have been felt to be
the main shortcomings of the first generation devices. Paravalvular leaks have
been associated with worse outcomes [36]. New device designs seem to be able
to effectively reduce paravalvular leaks [37, 38]. Also other shortcomings are
addressed [35].

Randomized comparisons of different access routes are lacking. Therefore any
comparison of trans-apical and trans-femoral access is based on biased registry data
with equivocal results. Patients’ preference however seems to go for least invasive
procedures with percutaneous closure of access site in conscious sedation. A trans-
fer of TAVR therapy into lower risk populations is discussed very controversially.

The need for antiplatelets after the procedure for patients not on anticoagulation
is not well defined. Many centres tend for long-term aspirin treatment and some-
times addition of clopidogrel for various time periods.

Transcatheter Valve Repair for Mitral Insufficiency

The most extensive experience on transcatheter therapy of mitral insufficiency
exists for the MitraClip device (Abbott; Menlo Park, California) which is used for
direct valve repair. In addition many other interventional approaches have been
introduced including different annuloplasty procedures and transcatheter mitral
valve replacement. The future relevance of these latter approaches is not yet clear.
Therefore they are beyond the scope of this description.

Mitral insufficiency can originate from a primary abnormality of the valve,
degenerative mitral regurgitation (DMR), or a functional abnormality secondary to
left ventricular dysfunction, functional mitral regurgitation (FMR). In functional
mitral regurgitation the underlying disease might be ischemic or non-ischemic.
Obviously a long-standing DMR can cause left ventricular dysfunction leading to
secondary FMR which results in a mixed situation.

Current American guidelines recommend surgery (especially mitral valve repair)
for symptomatic patients with chronic severe mitral insufficiency due to a primary
valvular abnormality as a class I indication whereas surgery for symptomatic
patients with severe functional mitral insufficiency should only be considered as a
class IIb indication [13]. The latter recommendation is based on the fact that the
reported outcomes in this cohort of patients were equivocal.

The MitraClip system was developed on the basis of Alfieri’s surgical edge-to-
edge repair [39]. The clip (Fig. 8.3) is delivered percutaneously from the femoral
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Fig. 8.3 MitraClip system for reduction of mitralregurgitation by approximating the anterior and
posterior leaflets (Figure used with permission from Abbott Vascular, Santa Clara, CA, USA)

vein via a transseptal sheath under fluoroscopic and transoesophageal echocardio-
graphic guidance. It reduces mitral regurgitation by approximating the anterior and
posterior leaflets thus creating a double mitral valve orifice (Fig. 8.4). If necessary
two or even more clips can be delivered in one session.

After safety and feasibility of the MitraClip system had been shown in the first in
men single arm EVEREST I trial [40] it was compared in the multicentre, randomized
EVEREST II trial against surgery (either replacement or repair) in patients with symp-
tomatic severe mitral regurgitation who were also candidates for mitral valve surgery
[41]. FMR was only present in 27 % of patients. Patients with severe LV dysfunction
were excluded. Mitral regurgitation and NYHA class were significantly reduced in
both groups. However, in the as treated analysis surgery more effectively reduced
mitral regurgitation than the MitraClip (4 % vs 19 % residual high degree mitral insuf-
ficiency). Major adverse cardiac events after 30 days were comparable between groups.
After 4 years 25 % of patients in the percutaneous repair group vs 5.5 % in the surgical
group had undergone redo surgery for significant mitral regurgitation [42].

Thus the MitraClip is no alternative to surgery in patients who are low-risk can-
didates for surgery but in those who are deemed to be at high surgical risk. This was
confirmed in several registries and applied to degenerative as well as functional
etiologies [43, 44].

Recently a pooled analysis of 16 studies with a total of 2980 patients of whom
2689 were considered high-risk for surgery showed a low incidence of procedural
death (0.1 %). Thirty day mortality was 4.2 % which compares very favourably to
historical surgical data.
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Fig. 8.4 Mode of
implantation of the
MitracClip system via
transfemoral access
(Figure used with
permission from Abbott
Vascular, Santa Clara, CA,
USA)

Atrial Septal Defect Closure

Patients with significant atrial septal defects (ASD) frequently remain asymptom-
atic until adulthood. A majority only develops symptoms beyond the fourth decade.
Therefore freedom from symptoms (e.g. reduced functional capacity, exertional
shortness of breath, palpitations due to supraventricular arrhythmias, right heart
failure) is no reliable predictor of a further benign course even in an elderly patient.
A significant left to right shunt is usually defined as a pulmonary to systemic flow
ratio (Qp: Qs)>1.5. This ratio is however not only dependent on defect size but also
on the LA to RA pressure gradient which is influenced by right and left ventricular
compliance as well as pulmonary resistance. Left to right shunt can increase with
decreasing left ventricular compliance (e.g. due to co-morbidities like arterial
hypertension) or decrease with increasing pulmonary resistance. So a Qp: Qs<1.5
does not exclude a significant ASD with preceding higher shunt volume. Therefore
the 2010 ESC guideline on the management of grown-up congenital heart disease
recommend to define a significant shunt rather based on signs of right ventricular
volume overload [45]. A defect diameter of less than 10 mm with signs of right
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heart failure should however always raise suspicion on a causal relationship. In
these cases an abnormal pulmonary venous connection has to be excluded.

It has been shown that surgical closure of significant ASD’s beyond the age of 40
years might have a small mortality but definitely a good symptomatic effect com-
pared to medical treatment [46]. Mortality after transcatheter closure is comparable
to surgical closure. Morbidity is however higher with the surgical approach [47, 48].
This might be even more pronounced in the elderly.

Defect closure does not lower the frequency of arrhythmia during follow up in
the elderly patient [46, 49]. If ablation of atrial fibrillation or flutter is considered
this might therefore be performed before defect closure. Peri-interventional atrial
fibrillation is however frequently self-limiting.

European guidelines recommend closure of all atrial septal defects with signifi-
cant shunt as defined by right ventricular volume overload regardless of symptoms
and as long as pulmonary vascular resistence is still less than 5 Wood units. ASD
occlusion should also be considered if paradoxical embolism is suspected. No spe-
cial recommendation is given for the elderly. Transcatheter closure is the preferred
method if technically feasible. In patients with modestly increased pulmonary resis-
tance an individualized decision has to be taken considering the response on vaso-
dilators (preferably nitric oxide) [45].

A number of different devices suitable for transcatheter closure of atrial septal
defects has gained CE mark over the recent years. A detailed technical description
of all the different devices would be beyond the scope of this book. The only device
which gained full approval for clinical use from the United States Food and Drug
Administration (FDA) is the Amplatzer Septal Occluder (ASO). It is also the
device with the most complete study results. The ASO is a self-expandable double-
disk device made of nitinol which is connected by a 3—4 mm waist between the two
disks with the left disk being larger than the right. A total of three Dacron polyester
patches is sewn into each disk and the connecting waist. The device size is deter-
mined by the diameter of its waste and currently available from 4 to 38 mm. The
device is released from a venous sheath which is advanced from the right atrium
via the defect into the left atrium. After release of the left atrial disk the waste is
released in the defect which self-centres the device before release of the right atrial
disk (Fig. 8.5).

Transcatheter closure can only be considered in secundum ASD, which makes up
for about 80 % of all ASD’s. With primum ASD (15 %), superior sinus venosus
defect (5 %), inferior sinus venosus defect (<1 %) and unroofed coronary sinus as
well as in patients with abnormal pulmonary venous connections a surgical closure
has to be performed. Before transcatheter closure of secundum ASD a transoesoph-
ageal echo is mandatory to look for the pulmonary venous connection and the tissue
rim around the atrial septal defect. The rim should be at least 5 mm of adequate
quality except towards the aorta. In addition the defect should not be bigger than
36-38 mm [45]. Interventional closure of large ASD’s requires special technical
skills and equipment (e.g. Hausdorf sheath).

When closing ASD’s in elderly patients with more co-morbidities special consid-
eration should be given to impaired systolic or diastolic function. The acute volume
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Fig. 8.5 Release of the
Amplatzer Septal Occluder
(Figure used with
permission from St. Jude
Medical GmbH, St Paul,
MN, USA)

challenge of the left ventricle after the closure might increase the end-diastolic pres-
sure to an extent that pulmonary oedema results. Precautions should be taken when
the atrial filling pressure before closure is above 15 mmHg. A test occlusion of the
ASD with the sizing balloon can be performed monitoring the atrial pressures via
the wire lumen over 10—15 min. If the left atrial pressure increases by more than
5 mmHg closure should be postponed and patients pretreated with diuretics and
after-load reduction before a further closure attempt with initial repetition of the left
atrial pressure measurements. In some cases a fenestrated occluder might be consid-
ered [50].

In elderly in whom no interventional closure can be performed an individual risk
benefit analysis should be performed before surgical closure taking into account the
individual co-morbidities [45].

After the procedure a minimum of 6 month aspirin treatment at a dose of 100 mg
is recommended. Many centres add 75 mg clopidogrel for a variable time.
Endocarditis prophylaxis is recommended during the first 6 month after device
implantation [45].

Left Atrial Appendage Closure

The concept of left atrial appendage (LAA) closure for stroke prevention in atrial
fibrillation is based on the observation that more than 90 % of emboli seem to origi-
nate from the left atrial appendage [51]. Surgical closure with different techniques
have been done for several years; nevertheless the mainly non-randomized data
were equivocal [52, 53].

Technical feasibility of interventional occlusion via a transseptal sheath was first
shown in 2001 with the dedicated Plaato device which is no longer commercially
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available [54]. Shortly afterwards occlusion procedures with non-dedicated
Amplatzer devices were reported [55]. These first procedures were predominantly
done in patients with contra-indications to oral anticoagulation. After the procedure
patients received dual antiplatelet therapy with aspirin and clopidogrel for 1-6
months usually followed by lifelong aspirin. With respect to the non-negligible
bleeding risk also aspirin was stopped in some patients after 6 months.

Basically two different scenarios for LAA occlusion have to be considered: as
alternative to anticoagulation when oral anticoagulation is possible and as replace-
ment for anticoagulation when anticoagulation is not possible.

Actually only the first concept was tested in a randomized fashion with the dedi-
cated Watchman device in the PROTECT AF and the PREVAIL studies. In spite of
early hazards due to peri-procedural complications equivalence to oral anticoagula-
tion with warfarin could be shown after 1065 patient years of follow-up in 707
patients with respect to the combined primary endpoint of stroke, cardiovascular
death and systemic enbolisation (3.0 vs 4.9 events per 100 patient years) and supe-
riority after 2621 patient years of follow-up (2.3 vs 3.8 events per 100 patient years)
in the PROTECT AF trial [56, 57]. The interventional LAA occlusion in the
PROTECT AF trial was followed by warfarin treatment for another 45 days which
should be replaced by clopidogrel up to 6 month if transoesophageal echo did not
show thrombus formation on the device. Warfarin and clopidogrel were given in
combination with aspirin that was recommended for lifelong therapy. After 45 days
and 2 years a vast majority of patients in the device group (87 % rsp. 94 %) had
actually abandoned warfarin therapy. The PROTECT AF results were confirmed by
the PREVAIL trial which also showed a significant reduction of peri-procedural
complications (e.g. perforation, stroke, device embolization) compared to the
PROTECT AF trial probably due to increasing operator experience [58]. Non-
surprisingly the average age of the studied population in both trials was above 70
years what reflects the increasing prevalence of atrial fibrillation and embolic stroke
risk with age.

A current consensus statement from the European Society of Cardiology is still
reluctant to generally recommend LAA occlusion as alternative to anticoagulation
when anticoagulation is possible [59]. The main arguments are that the early inter-
ventional hazards with device closure are significant especially at the beginning of
the learning curve which is deemed to be rather slow compared to other interven-
tions. Furthermore the main advantage of LAA closure compared to vitamin K
antagonists seems to be the reduction of hemorrhagic strokes which might also be
achieved with the novel oral anticoagulants that have not been compared yet to LAA
device occlusion. Nevertheless the Watchman device recently gained approval for
this indication from the United States Food and Drug Administration (FDA).

The focus of the current European consensus statement is rather on replacement
of anticoagulation when anticoagulation is not possible. It has to be clearly stated
that this indication is only based on registry data and non-randomized comparisons
to historical stroke-rates or calculated stroke-rates according to established risk
scores. Of the four CE marked devices the Watchman, the ACP including the newest
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Amulet generation and the Wavecrest aim at a mechanical device obstruction of the
LAA via a purely endocardial approach whereas the Lariat device is used for a
endocardial/epicardial suture ligation. Most data are available for the Watchman
and the ACP (Fig. 8.6). For both devices registries have been performed without
post-interventional anticoagulation but dual antiplatelet therapy for 1-6 months fol-
lowed by indefinite aspirin therapy [60, 61]. Cessation of aspirin after 6 months was
also reported [59].
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Chapter 9

Pulmonary Hypertension in the Elderly:
Impact of Age on Diagnosis and Therapy
Options

Tobias J. Lange

Definition of Pulmonary Hypertension

Pulmonary hypertension (PH) is defined by a mean pulmonary artery pressure
(mPAP) >25 mmHg at rest on right heart catheterization (RHC) regardless of age
[1]. This definition is based on historical consensus and a large number of RHC data
in healthy subjects who show a mean mPAP of 14.0 mmHg with a standard devia-
tion (SD) of about 3 mmHg at rest which is hardly influenced by body position and
sex [2]. In older people (=50 years) the mean mPAP at rest was slightly higher
compared to people aged 30-50 years (14.7 vs. 12.9 mmHg, p<0.001), which was
regarded to be negligible with respect to hemodynamic PH definition [1, 2].
However, already on slight exercise the difference in mean mPAP between older
and younger people became considerably wide (29.4 vs. 20.0 mmHg, p<0.001)
with about 47 % of older people exceeding an mPAP of 30 mmHg [2]. Therefore the
exercise definition of PH (mPAP>30 mmHg) has been abandoned at the 4th World
Symposium on PH in 2008 [3].

The pulmonary artery wedge pressure (PAWP) is used to define a precapillary
(PAWP<15 mmHg) and a postcapillary form of PH (PAWP>15 mmHg) at rest
[1]. While in a large review of RHC data no relevant difference in PAWP between
older and younger healthy subjects has been found at rest, older people showed a
steeper increase in PAWP on exercise, which led to higher mPAP [2]. Another
factor influencing PAWP (and mPAP) is the amount of intravascular fluid. On the
one hand rapid saline infusions can lead to an increase in PAWP > 15 mmHg even
in healthy subjects, on the other hand patients with left heart diseases (especially
heart failure with preserved ejection fraction, HFpEF) can show PAWP of
<15 mmHg at rest (e.g., after intensive diuretic treatment) [4]. Even if currently
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there is no consensus on a definition of exercise-induced PH and no standardized
fluid loading protocol to unmask latent left heart disease, these facts should be
kept in mind when interpreting RHC measurements in patient populations at high
risk for HFpEF (e.g. elderly patients).

Classification and Epidemiology of Pulmonary Hypertension

Since the 2nd Word Symposium on “primary PH” (PPH) in 1998, the PH classifica-
tion system consists of five groups according to etiology, similar hemodynamic and
clinical features, and therapeutic implications [5]. The current PH classification sys-
tem [6], which has been slightly modified during the following PH World Symposia,
is displayed in Table 9.1.

Group 1, Pulmonary Arterial Hypertension

The term “pulmonary arterial hypertension” (PAH) is restricted to describe group 1
of the classification system since 1998 [5]. Historically, PH of known causes (“sec-
ondary PH”) was differentiated from PPH, which comprises the group of idiopathic,
heritable, and anorexigen-associated PAH of the current classification system [7].
Today, PAH associated with connective tissue disease and other conditions is
included (Table 9.1) [6]. PAH is characterized by a precapillary PH at rest on RHC
(mPAP>25 mmHg and PAWP<15 mmHg) together with a pulmonary vascular
resistance (PVR)>3 wood units (WU) [1]. Importantly, the diagnosis of PAH can
only be made after accurate exclusion of known PH causes (groups 2—4) [8].

PAH is an orphan disease with an estimated incidence and prevalence of 2.0—
7.6 and 10.6-26.0 cases per one million adult inhabitants, respectively [9]. The
historically dismal prognosis with a median survival of less than 3 years from
diagnosis has improved considerably over the recent years [10, 11]. With respect
to age at diagnosis, we observed a considerable increase during the last 30 years.
In the first US-based registry of PPH (sponsored by the National Institute of
Health, therefore also called “NIH-registry’”) which recruited 187 patients between
1981 and 1985, the mean (+ SD) age at diagnosis was 36+ 15 years, while the
mean age of 2525 patients enrolled in the current US registry of PAH (Registry to
EValuate Early And Long-term pulmonary arterial hypertension disease manage-
ment, REVEAL) was 53 £ 14 years [12, 13]. Of note, there are major differences
in inclusion criteria between the NIH-registry and REVEAL as for example
PAWP on RHC (<12 vs. < 15 mmHg) and the recruitment of prevalent patients in
REVEAL. However, the trend of increasing age at diagnosis is also observed in
other prospective registries (e.g., 50+ 17 years in 482 incident patients with idio-
pathic, heritable, and anorexigen-associated PAH from United Kingdom and
Ireland, recruited from 2001 to 2009) and clinical studies [14]. The so far reported



9 Pulmonary Hypertension in the Elderly 111

Table 9.1 Updated classification of pulmonary hypertension

1. Pulmonary arterial hypertension

1.1 Idiopathic PAH

1.2 Heritable PAH

1.2.1 BMPR2

1.2.2 ALK-1, ENG, SMAD9, CAV1, KCNK3

1.2.3 Unknown

1.3 Drug and toxin induced

1.4 Associated with:

1.4.1 Connective tissue disease

1.4.2 HIV infection

1.4.3 Portal hypertension

1.4.4 Congenital heart diseases

1.4.5 Schistosomiasis

1" Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis
1" Persistent pulmonary hypertension of the newborn (PPHN)
2. Pulmonary hypertension due to left heart disease

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease

2.4 Congenital/acquired left heart inflow/outflow tract obstruction and congenital
cardiomyopathies

3. Pulmonary hypertension due to lung diseases and/or hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern
3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases

4. Chronic thromboembolic pulmonary hypertension (CTEPH)

5. Pulmonary hypertension with unclear multifactorial mechanisms

5.1 Hematologic disorders: chronic hemolytic anemia, myeloproliferative disorders,
splenectomy

5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis, lymphangioleiomyomatosis
5.3 Metabolic disorders: glycogenstorage disease, Gaucher disease, thyroiddisorders

5.4 Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure, segmental PH
From Ref. [6]

BMPR bone morphogenic protein receptor type II, CAVI caveolin-1, ENG endoglin, HIV human
immunodeficiency virus, PAH pulmonary arterial hypertension

highest median age of 71 years in 587 patients with idiopathic PAH comes from a
current analysis of the Comparative, Prospective Registry of Newly Initiated
Therapies for Pulmonary Hypertension (COMPERA), which was launched in
2007 and is mainly fed by German PH centers [15].



112 T.J. Lange

Besides aging of the general populations of western countries, the main reason for
this observation might be a change in referral pattern due to increased awareness of
the disease in the face of steadily increasing medical treatment options. Interestingly,
in countries with less or even no available PAH medications like China, the mean age
at PAH diagnosis nowadays is about the age of patients at the time of the NIH registry
[16]. However, the consequences of this demographic change in western countries are
well described. Patients diagnosed with PAH at an older age have more comorbidities,
less severe hemodynamics, worse functional status, and worse survival [13-15].

Major comorbidities in elderly patients (age >50 years) with PAH which are sig-
nificantly more common compared to younger patients are ischemic heart disease,
arterial hypertension, atrial fibrillation, diabetes mellitus, and hypothyroidism [14].
In addition, even if not clearly related to age, obesity became more prevalent over
time [13, 14]. The higher prevalence of mentioned comorbidities in elderly patients
with PAH increases the complexity of differential diagnosis, and may lead to
delayed PAH diagnosis in these patients [14]. On the other hand, elderly patients
with HFpEF may be falsely diagnosed with PAH [1, 17, 18].

With respect to hemodynamic disease severity at diagnosis, elderly patients show
a lower mean mPAP and a slightly but significantly higher mean PAWP at similar
values for cardiac output, leading to a lower mean PVR [14, 15]. In an analysis from
COMPERA, mPAP was even inversely correlated to age at diagnosis (r=—0.44,
p<0.001) [15]. These data could reflect a lower capacity of “older” right ventricles
to compensate for increasing PVR. This could also explain that elderly patients are
more symptomatic (as reflected by higher WHO functional class (FC)) and show a
worse functional status (as reflected by lower exercise capacity) compared to
younger patients [15]. In addition, clinical signs reflecting a worse right ventricular
function like peripheral edema are more prevalent in elderly patients at PAH diag-
nosis [14]. Finally, elderly PAH patients show a worse survival compared to younger
patients even after statistical correction for expected lower survival rates in older
people from the general population [15].

Group 2, Pulmonary Hypertension Due to Left Heart Disease

Group 2 of the classification system covers PH due to left heart disease, which can
be a consequence of heart failure with reduced as well as with preserved left ven-
tricular function, aortic or mitral valve disease (see Table 9.1) [6]. Hemodynamically,
PH in this group is usually postcapillary (PAWP>15 mmHg) at rest, even if espe-
cially patients with HFpEF can show PAWP values <15 mmHg after intensive
diuretic therapy [1, 18]. This should be considered when elderly patients with risk
factors for HFpEF (e.g., obesity, arterial hypertension, atrial fibrillation etc.) are
examined by RHC to avoid an overdiagnosis of PAH. Slight exercise or fluid chal-
lenge during the RHC can be helpful to unmask HFpEF in those patients with
PAWP<15 mmHg at rest, even if there is no consensus on the definition for exercise-
induced PH or a standardized fluid challenge protocol yet [1].
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Table 9.2 Current hemodynamic classification of pulmonary hypertension

Group according to the 5th Word

Symposium on pulmonary hypertension Hemodynamic definition

1. PAH mPAP>25 mmHg
PAWP<15 mmHg
PVR>3 WU

2. PH due to left heart disease mPAP>25 mmHg

PAWP>15 mmHg
Isolated postcapillary PH: DPD <7 mmHg
Combined post-/precapillary PH: DPD>7 mmHg

3. PH due to lung disease mPAP>25 mmHg
PAWP<15 mmHg
Severe PH: mPAP>35 mmHg or
mPAP>25 mmHg and CI<2.0 /min/m?

4. Chronic thromboembolic PH mPAP>25 mmHg
PAWP<15 mmHg
(mPAP <25 mmHg: chronic thromboembolic
disease without PH)

Modified from Refs. [1, 19-22]

CI cardiac index, DPD diastolic pressure difference (i.e., diastolic pulmonary artery pressure —
PAWP), mPAP mean pulmonary artery pressure, PAH pulmonary arterial hypertension, PAWP pul-
monary artery wedge pressure, PH pulmonary hypertension, PVR pulmonary vascular resistance

Many terms have been used to describe the finding of considerably elevated mPAP
and PVR in patients with left heart disease and elevated PAWP, for example “out-of-
proportion” vs. “proportional” or “reactive” vs. “passive” PH [8, 19]. However, those
terms have variable definitions, are based rather on consensus than on evidence, and
might have led to an inappropriate use of targeted PAH drugs. The currently pro-
posed definition (see Table 9.2) is based on the diastolic pressure difference (i.e., the
difference between diastolic pulmonary artery pressure and PAWP; DPD) instead of
the so-called transpulmonary gradient (i.e., the difference between mPAP and PAWP)
or PVR, because the diastolic PAP is less influenced by the level of PAWP, cardiac
output, and stroke volume compared to the mPAP [23]. Therefore, an elevated DPD
may better reflect a relevant pulmonary vascular remodeling than the level of PVR. In
normal subjects, DPD ranges between 1 and 3 mmHg. In patients with left heart
disease, DPD>5 mmHg was found in about half of patients with PVR>2.5 WU and
is discussed to be a marker of “changes in the pulmonary circulation” [19]. An eleva-
tion of DPD>7 mmHg in patients with PH group 2 carried a dismal prognosis simi-
lar to PAH in a recent large retrospective study [24]. Therefore it is suggested to
differentiate between isolated postcapillary PH (PAWP>15 and DPD<7 mmHg)
and combined post-/precapillary PH (PAWP>15 mmHg and DPD>7 mmHg) [19].
Of note, this definition has no therapeutic implications (vide infra), and it is of utmost
importance to exclude relevant lung disease and/or chronic thromboembolic disease
in patients with post-/precapillary PH due to left heart diseases.

When PH is present in patients with left heart disease, these have more severe symp-
toms, worse exercise tolerance, and a worse prognosis [19]. Outcome deteriorates
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further when right ventricular failure develops [25]. The true prevalence and incidence
of PH group 2 is difficult to estimate, because available studies use different definitions
of PH, different diagnostic tools (echocardiography or RHC), and examine different
populations (e.g., transplant candidates, symptomatic patients, or random samples
from the general population). However, because of the high frequency of left heart
diseases per se, it is estimated to be the largest PH group by far [26]. As many underly-
ing left heart diseases are more prevalent with increasing age, PH in this group can be
also expected to be more prevalent in elderly patients.

Group 3, Pulmonary Hypertension Due to Lung Disease

PH can occur in advanced chronic lung diseases like chronic obstructive pulmonary
disease (COPD) and idiopathic pulmonary fibrosis (IPF), but is also found in patients
with hypoxia due to sleep apnea or hypoventilation disorders (Table 9.1). On RHC,
PH group 3 is typically precapillary (see Table 9.4), even if post-/precapillary PH may
occur in patients with lung disease and concomitant left heart disease. With respect to
hemodynamic disease severity, there is usually a clear relationship with the underly-
ing lung disease [20, 27, 28]. Importantly, the severity of the lung disease may be
underestimated by spirometry, for example in patients with combined pulmonary
fibrosis and emphysema who can have virtually normal lung volumes and flows [29].
In patients with only mild lung disease but severe PH, there are usually additional
reasons for PH like chronic thromboembolism [30]. In addition, there are very few
patients with lung disease and more severe PH, who have to be regarded separately
[20]. In the past, these patients with less severe lung disease and more severe PH have
been described to have PH “out-of-proportion” [31]. Recently, it has been suggested
to use a more descriptive terminology (see Table 9.4), as it is indeed unknown what is
“in proportion”. It is recommended to distinguish patients with lung disease and no
PH (mPAP <25 mmHg) from those with PH atrest [20]. Patients withmPAP>35 mmHg
at rest or mPAP>25 mmHg together with a cardiac index <2.0 I/min/m? are described
to have “severe group 3 PH”. In this group, the differential diagnosis of PAH and
concomitant (but not causal) lung disease can be challenging [20, 32].

Although the exact prevalence of group 3 PH is unknown, it is common in
advanced stages of COPD and IPF [27, 28]. In patients evaluated for lung transplan-
tation, PH (defined by mPAP>25 mmHg on RHC at rest) was present in about one
third of patients and associated with a worse transplant-free survival [33]. Especially
in patients with only mildly elevated mPAP it is unclear if PH plays a causal role
with respect to prognostic impairment, or if it just reflects the severity for the under-
lying lung disease. PH due to lung diseases can be expected to be very frequent in
elderly patients due to the following reasons. The prevalence of COPD and IPF
increases with age [34, 35]. Prevalence and severity of PH increase with duration of
the lung disease [36]. Thereby the prevalence of PH in elderly patients with lung
diseases may be underestimated as these have not been systematically investigated
by RHC (because treatment options which require invasive examination like lung
transplantation are age-restricted).
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Group 4, Chronic Thromboembolic Pulmonary Hypertension

Chronic thromboembolic PH (CTEPH) can develop after one or more symptomatic
venous thromboembolic events, but may also be diagnosed in patients without the
history of such an index event [37]. In the absence of left heart disease, CTEPH
presents with a precapillary PH (Table 9.2). However, chronic thromboembolic dis-
ease can also be responsible for severe symptoms in patients with mPAP <25 mmHg
at rest [21, 38].

The reported cumulative incidence of CTEPH following a symptomatic pulmo-
nary embolism ranges from 0.6 to 3.8 % [39, 40]. As about 25 % of patients with
the expert diagnosis of CTEPH in a current registry had no history of pulmonary
embolism, the prevalence can be assumed to be even higher [37]. Patients with
CTEPH and an mPAP at the time of diagnostic RHC>30 mmHg at rest who are
only treated with therapeutic anticoagulation are reported to have a very poor prog-
nosis with only about 10 % surviving 3 years of follow-up [41]. With the advance-
ment of surgical and anesthesiological techniques, the so-called pulmonary
endarterectomy (PEA) has been developed in San Diego, California, which has led
to a considerable improvement of outcome over time [42]. Currently, 93 % of oper-
able patients are alive 1 year after the procedure with an in-hospital mortality of
4.7 % [43]. Even if there are no comparative studies, the prognosis of inoperable
CTEPH patients did also improve over the recent years, presumably due to (off-
label) use of targeted PAH therapy [44].

Because age is a known risk factor for venous thromboembolic events, CTEPH
is a common cause of PH in elderly patients. In a current registry of 679 consecutive
patients diagnosed with CTEPH between 2/2007 and 1/2009, the median age was
63 years with 25 % of patients being older than 72 years [37]. The rate of comor-
bidities in these patients was lower than expected with 10 % suffering from COPD
and only 2 % of reported left ventricular diastolic dysfunction. In the face of such a
positive selection it can be assumed that many elderly patients with CTEPH and
more comorbidity are not being sent to expert centers.

Diagnosis and Differential Diagnosis of Pulmonary
Hypertension

Symptoms and Clinical Signs

There are no characteristic or even “diagnostic” symptoms reported by patients with
PH. In patients with PAH, the most common symptoms dyspnea, fatigue, angina
and pre-syncope are graded according to the so-called modified WHO FC from I to
IV [8]. Patients with other etiologies of PH may report additional symptoms reflect-
ing the underlying disease such as chronic cough in COPD. The mean time from the
onset of symptoms to the diagnostic RHC in patients with PAH is still considerable
with 2.8 years in a current registry, which can probably be explained by the
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unspecific nature and gradual onset of symptoms in PAH [13]. In early stages of PH,
there are no typical clinical signs. Distension of the jugular veins, hepatomegaly,
peripheral edema, and a split second heart sound can be detected in advanced dis-
ease stages or rather in manifest right heart decompensation [8]. Other clinical find-
ings like inspiratory crackles or chronic venous insufficiency can point towards
underlying diseases.

It has not been investigated if elderly patients with PH report different symptoms
or a different time course of symptom development compared to younger patients.
However, elderly PAH patients are more symptomatic at diagnosis compared to
younger patients as reflected by a higher mean WHO FC [14, 15]. In addition, at the
time of diagnosis elderly patients with PAH more frequently show peripheral edema
and report a lower incidence of syncope or pre-syncope until diagnosis [14]. While
an analysis from REVEAL found an age <36 years to be the major risk factor for a
delayed PAH diagnosis, others reported a significantly longer median duration of 24
months from symptom onset to diagnosis in patients over the age of 50 compared to
12 months in younger patients [14, 45]. The higher number of comorbidities in
elderly patients might account for these observations. In REVEAL, a history of
obstructive airway disease and sleep apnea were also independently associated with
delayed PAH recognition [45]. Another reason might be that older patients (and
maybe their relatives) explain their symptoms by aging itself and seek medical help
later in the course of the disease accordingly.

Echocardiography

When PH is clinically suspected, echocardiography is the screening method of
choice [8]. Current guidelines focus on the systolic PAP and suggest arbitrary cutoff
values to estimate the likelihood for PH (e.g. PH is “unlikely” with systolic
PAP<36 mmHg) [8]. As PAP estimation on echocardiography is often inaccurate or
impossible (in patients without insufficiency of the tricuspid valve), other signs like
dilatation of the right heart chambers should be considered [46—48]. This may be
especially important in elderly PAH patients who show lower mean PAP values on
diagnosis compared to younger patients [15].

In addition to estimation of the likelihood for PH, echocardiography is important
with respect to differential diagnosis. Left ventricular function (systolic and dia-
stolic) and left sided valve diseases can be assessed and related to the severity of
PH. The presence of congenital heart diseases such as atrial septal defects or a par-
tial anomalous pulmonary venous connection should also be considered in elderly
patients presenting with PH. A comprehensive echocardiographic evaluation includ-
ing transesophageal studies could prevent underdiagnosis. On the other hand, it can
be difficult (if not impossible) to reliably establish or exclude a causal relationship
between a left heart abnormality and PH [19]. This may be even more challenging
in elderly patients with PH due to the high prevalence of left heart diseases.
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Thoracic Imaging

PH can be suspected on chest X-ray, which is abnormal in the majority of patients
with PAH at diagnosis [12]. On chest computed tomography (CT), a dilatation of
the pulmonary artery trunk can indicate PH [49]. However, the pulmonary artery
diameter is also increasing with age in normal subjects and should therefore be used
cautiously to predict PH [50].

The main indication for thoracic imaging studies in patients with (suspected) PH
is differential diagnosis. A high-resolution CT scan of the chest can detect pro-
nounced abnormalities of the lung parenchyma even in the absence of a relevant
impairment on spirometry, for example in patients with combined pulmonary fibro-
sis and emphysema [29]. Further, it is important in the differential diagnosis of
pulmonary veno-occlusive disease [8]. When intravenous contrast can be adminis-
tered (regarding kidney and thyroid function), chronic thromboembolic disease can
also be detected [51]. Of note, signs of chronic thromboembolism are very different
from those of an acute pulmonary embolism and can easily be missed. In addition
to particularly looking for webs, bands, thrombus calcifications, bronchial artery
hypertrophy (requiring contrast medium also in the aorta), sudden changes in vessel
caliber, poststenotic dilatation, and mosaic perfusion, the use of reconstructions
with thin sections (<1 mm) can be helpful for detection [22]. Importantly, a chest
CT scan should not be used for exclusion of chronic thromboembolic disease except
at very experienced centers [8].

In general, a ventilation/perfusion (V/Q) scan by nuclear imaging has a high
sensitivity for the detection of acute and chronic pulmonary embolism which
present with similar signs [52, 53]. The sensitivity can be further improved by
using single photon emission CT (SPECT) technique, which should be the stan-
dard test to rule out chronic thromboembolism in patients with PH [22]. However,
especially in patients with inhomogeneous distribution of the inhaled radiophar-
makon as for example in severe COPD, the number of non-diagnostic V/Q scans
increases [54]. With advancement of CT techniques like dual-energy CT for the
assessment of pulmonary perfusion, V/Q scans might become less important in
the future [55].

Due to the wide availability and the high diagnostic yield of CT, direct pulmo-
nary angiography is nowadays rarely used in the diagnosis of acute pulmonary
embolism. However, angiography is still the gold standard for diagnosis of
chronic thromboembolic disease and for operability assessment in many PEA
expert centers [22]. It could be combined with the diagnostic RHC to increase
patient comfort and the quality of angiographic images (due to adaption of the
contrast medium flow rate to cardiac output). Although thoracic/cardiac mag-
netic resonance imaging (MRI) has the capability to non-invasively assess PAP,
left and right ventricular function, cardiac output, shunts, and pulmonary perfu-
sion, its use is currently limited to special clinical questions and research due to
availability and costs [56].
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Right Heart Catheterization

The gold standard of PH diagnosis is RHC [1]. In addition, it is needed for dif-
ferentiation between pre- and postcapillary PH, for assessment of PH severity, and
for exclusion of left-to-right shunts. Following the 5th World Symposium on PH
in 2013, consensus recommendations have been made for RHC measurements
which can influence levels of mPAP and PAWP (in addition to age) [1]. The zero
level of the pressure transducer should be set at the half of the anterior-posterior
thoracic diameter which reflects the level of the left atrium [57]. According to
respiratory swings of the pressure curves, endexpiratory values should be recorded
rather than digital means to avoid an overdiagnosis of precapillary PH. Pressure
values in the right atrium, right ventricle, pulmonary artery (systolic, diastolic),
and in the “wedge” position should be measured repeatedly (especially PAWP)
and documented on every RHC report. Further it is essential to measure cardiac
output by either the direct Fick method or thermodilution for calculation of PVR,
and to assess the mixed venous oxygen saturation to not miss a relevant left-to-
right shunt [1]. The testing of vasoreactivity is only indicated in patients with
idiopathic PAH to identify possible calcium channel blocker (CCB) responders
(see section “Pulmonary arterial hypertension”). Patients with other etiologies of
PAH and PH should not be routinely tested as a positive test result may occur, but
CCB therapy can be ineffective or even harmful [58]. Therefore, the non-invasive
differential diagnostic tests should usually be done before proceeding to
RHC. Furthermore, patients with clinical signs of cardiac failure should prefera-
bly be catheterized after re-compensation first, because otherwise high cardiac
filling pressures may lead to overestimation of pulmonary pressures and the
hemodynamic finding of post-/precapillary PH with consecutive diagnostic uncer-
tainty and the need for repeat RHC.

Algorithm of Differential Diagnosis

The currently suggested algorithm for the differential diagnostic assessment of
patients with suspected PH is given in Fig. 9.1. If all mentioned investigations are
adequately performed, it should be possible to allocate the patient to one out of five
groups of the PH classifications system accordingly (Table 9.1). However, the com-
plexity of differential diagnosis increases with age and the number of comorbidities,
especially if these can also cause PH.

With respect to idiopathic PAH, we have a “classical” phenotype in mind, which
is best reflected by the historical data from the NIH registry [12]. Patients with PPH
showed a female preponderance, a mean age of 36 years, a very severe PH on RHC,
and virtually no comorbidities. Of note, the inclusion criteria and mandatory inves-
tigations for exclusion of “secondary” PH forms were very strict at that time (e.g.
normal V/Q scan or pulmonary angiography mandatory to exclude CTEPH).
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Fig. 9.1 Diagnostic approach to patients with suspected pulmonary hypertension. BGA blood gas
analysis, CHD congenital heart disease, CTD connective tissue disease, CTEPH chronic thrombo-
embolic pulmonary hypertension, DLCO diffusion capacity of the lung for carbon monoxide, ECG
electrocardiogram, HR-CT high-resolution computed tomography, PA pulmonary angiography,
PAH pulmonary arterial hypertension, PAPm mean pulmonary artery pressure, PAWP pulmonary
arterial wedge pressure, PCH pulmonary capillary hemangiomatosis, PEA pulmonary endarterec-
tomy, PFT pulmonary function testing, PH pulmonary hypertension, PYOD pulmonary veno-
occlusive disease, PVR pulmonary vascular resistance, RHC right heart catheter, RV right ventricle,
V/Q ventilation/perfusion, x-ray chest radiograph (From Ref. [1])

However, age ranged from 1 to 81 years, and 9 % of PPH patients were older than
60 years, indicating that age alone cannot be used to exclude a diagnosis of idio-
pathic PAH. In addition, the mean age of patients with PAH associated with connec-
tive tissue disease is usually higher compared to idiopathic PAH [13].
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There are no data directly comparing hemodynamic disease severity in elderly
patients diagnosed with idiopathic PAH at the time of the NIH registry and today.
However, with increasing mean age we observe lower mean mPAP, higher mean
PAWP, and lower PVR compared to patient populations with a lower mean age (NIH
registry, Chinese registry). A current analysis from COMPERA even found a signifi-
cant inverse relationship between age and mPAP on PAH diagnosis, suggesting a
worse capability of the “older” right ventricle to adapt to increased PVR [15]. The
higher mean PAWP can be explained by the age-dependent increase in left ventricular
filling pressures even in normal subjects [59]. The REVEAL registry included patients
with slightly elevated PAWP at rest (16-18 mmHg), who otherwise showed hemody-
namic characteristics typical for PAH (severely elevated mean mPAP above 50 mmHg,
decreased cardiac index, very high PVR), and in whom alternative causes for PH (e.g.,
relevant lung disease or chronic thromboembolic disease) were excluded [17]. These
patients received an “expert diagnosis” of PAH and treatment with targeted PAH ther-
apy accordingly. Compared to PAH patients with PAWP<15 mmHg at rest, they were
significantly older, more obese, and had more comorbidities associated with left heart
disease, but showed a similar survival on targeted PAH therapy.

A major challenge in (elderly) patients with lung diseases (e.g., COPD, IPF), his-
tory of venous thromboembolism or even signs of chronic thromboembolic disease on
CT or V/Q scan, and left heart diseases (especially HFpEF) is to establish or exclude
a causal relationship between PH severity and the underlying disease. While this
seems to be clear for example in patients with advanced lung diseases and non-severe
PH (Table 9.2), the situation is less evident in patients with mild lung disease (e.g.
COPD GOLD II) and severe PH [20, 31]. After exclusion of chronic thromboembolic
disease and abnormalities of the lung parenchyma on high-resolution CT scan of the
chest, such a patient may be diagnosed with PAH and concomitant lung disease and
treated accordingly. To avoid an overdiagnosis of PAH, the differential diagnostic
assessment should be very thorough and preferably be performed at experienced cen-
ters [8, 20]. Similar considerations may occur in patients with HFpEF and a normal
PAWP at rest but severely elevated mPAP and PVR, or in patients with minor findings
of chronic thromboembolic disease on chest CT but normal V/Q scan. In addition,
patients with definitive signs of chronic thromboembolic disease can sometimes turn
out to have clear postcapillary PH on RHC, which should prompt further diagnosis
and therapy of left heart disease instead of proceeding to PEA. Further, patients with
chronic thromboembolic disease may have normal mPAP at rest, but dyspnea due to
V/Q mismatch or PH on exercise [21].

Up to date there is no consensus on criteria for allocation of patients with PH and
left heart or lung diseases to the groups 1, 2, or 3 of the PH classification system
depending on severity of PH and the underlying disease. However, with a thorough
differential diagnostic assessment and application of strict criteria for the diagnosis
of PAH, the majority of elderly PH patients presenting to PH expert centers will
receive an alternative diagnosis [60]. It should be in our interest to conduct prospec-
tive clinical trials in the (often elderly) patients with “relevant” underlying left heart
or lung diseases and more severe PH to assess the efficacy and safety of currently
available targeted PAH therapy.
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Therapy of Pulmonary Hypertension

In the treatment algorithm for PAH, general measures and supportive therapy are
recommended according to available evidence (Fig. 9.2) [61]. In part, these recom-
mendations also apply for other forms of PH. Supervised exercise training is an
established part of therapy in patients with left heart failure and pulmonary diseases
and should also be prescribed when PH (group 2 or 3) is complicating the underlying
disease. The absolute measurable effect of exercise training may be less pronounced
in elderly patients. However, also seemingly small effects can be valuable for the
individual patient, and age should not be a reason to withhold prescription of a super-
vised training program. Importantly patients should be clinically stable and opti-
mally treated for underlying diseases and PH [62]. Even if in patients with PH due to
left heart and lung diseases, strenuous physical activity may be less harmful com-
pared to patients with severe idiopathic PAH or CTEPH, it should be avoided. Other
recommendations made on the basis of expert consensus include immunizations and
the avoidance of pregnancy. Diuretics and fluid restriction are part of the basic treat-
ment of heart failure in general, oxygen therapy should be prescribed according to
separate guidelines. Therapeutic anticoagulation is recommended for patients with
idiopathic, heritable and anorexigen-associated PAH and mandatory in CTEPH [22,
61]. In other PH groups, anticoagulation is not generally recommended and should
only be prescribed if other indications like atrial fibrillation are present.

Pulmonary Arterial Hypertension

In the current PAH treatment algorithm as shown in Fig. 9.2, specific age groups are
not considered, although there are specific recommendations for pediatric patients
[63]. General measures and supportive therapy as described above should be appli-
cable for elderly PAH patients, too. The same applies for supervised exercise train-
ing, which has not yet been analyzed with respect to age-dependent effects, but the
majority of studies also included elderly patients [62]. Therapeutic anticoagulation
is only recommended for idiopathic, heritable and anorexigen-associated PAH on
the basis of historical data [8]. In the so far largest (retrospective) analysis showing
a survival benefit with therapeutic anticoagulation in patients with idiopathic PAH
(n=800; 66 % received anticoagulation) in the modern treatment era, the median
age was 70 years [64]. Therefore, therapeutic anticoagulation can also be recom-
mended in elderly patients in these specific PAH subgroups. Of note, because there
are no data on newer oral anticoagulants in PAH patients, vitamin K antagonists are
still recommended as treatment of choice [61].

Vasoreactivity testing for identification of CCB responders should only be per-
formed in patients with idiopathic PAH as other PAH subgroups rarely respond to
CCB therapy even after an acute positive testing result (defined as a reduction of
mPAP>10 mmHg to reach an absolute value of mPAP<40 with an increased or
unchanged cardiac output [65]) [1, 58]. There is no clear relationship between age
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Fig. 9.2 Treatment algorithm of pulmonary arterial hypertension. APAH associated pulmonary
arterial hypertension, BAS balloon atrial septostomy, CCB calcium channel blockers, ERA endo-
thelin receptor antagonist, sGCS soluble guanylate cyclase stimulators, /PAH idiopathic pulmo-
nary arterial hypertension, i.v. intravenous, PDE-5i phosphodiesterase type-5 inhibitor, s.c.
subcutaneous, WHO-FC World Health Organization functional class (From Ref. [61])
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and vasoreactivity [65, 66], although some studies found that responders were
younger compared to non-responders [67]. However, every patient with suspected
idiopathic PAH should be tested regardless of age, and patients with a positive test
should be treated with CCB as long as they are in a good WHO FC [61]. Possible
substances for vasoreactivity testing are inhaled nitric oxide (10-20 ppm), intrave-
nous Epoprostenol (2—12 ng/kg/min) or Adenosine (50-350 mg/min), and inhaled
Tloprost (5 pg) [1].

The so-called “targeted PAH therapy,” consisting of endothelin receptor antago-
nists (ERA), phosphodiesterase 5-inhibitors (PDE 5-I), prostaglandin analogs, and
Riociguat, is licensed for the treatment of PAH without age-restrictions [61]. The
current standard of care is initiation of monotherapy according to published evi-
dence and WHO FC as displayed in Fig. 9.2, followed by sequential addition of
another targeted PAH agent if treatment goals are not met. This concept (sequential
additive therapy with Bosentan, Sildenafil, Iloprost, and lung transplantation) has
been evaluated in comparison with a historical control group (only therapy with
prostaglandin analogs and lung transplantation available) of similar age and hemo-
dynamic disease severity, and showed a significantly improved outcome [68].
Newer studies of sequential or initial combination therapy support an even earlier
treatment with at least two targeted PAH drugs to improve the further course of the
disease also in apparently stable PAH patients [69, 70]. However, these new data,
which are in part only available in abstract form to date, have not led to a change of
recommendations yet.

Currently recommended treatment goals are displayed in Table 9.3 [71]. The
given cutoff values are chosen arbitrarily from different clinical studies and do not
consider age in particular. Of course, most of the mentioned parameters are clearly
age-dependent, for example cardiac output and exercise capacity. Therefore, clini-
cians presumably apply a kind of “physiologic age-correction,” for example in the
assessment of WHO FC (i.e. expecting a certain level of dyspnea for a certain level
of exercise which is lower for elderly patients). However, this approach, although
most likely practiced, is apparently very subjective. For WHO FC, this could per-
haps be improved by the use of standardized questionnaires. For biomarkers like NT
pro-BNP, the upper limit of normal is increasing with age and reported accordingly
by the laboratory. A possible way to correct for the physiologic age-related decrease
in exercise capacity could be the use of % predicted instead of absolute values when
suitable equations are available. For example, % predicted of peak oxygen uptake
on cardiopulmonary exercise testing at baseline better predicted long-term survival
in 226 patients with idiopathic and heritable PAH compared to absolute values
(using ml*kg'*min~') [72]. Elderly PAH patients show shorter distances on the
standardized 6 min walk test, and less often achieve thresholds known to be associ-
ated with an improved prognosis on therapy [15, 73]. In a retrospective study,
elderly patients on targeted PAH therapy were more likely to reach a threshold of
78 % predicted 6 min walk distance instead of the corresponding absolute value of
380 m, while the usefulness of prognostication was not affected [73]. Therefore,
such corrections could be useful in daily clinical practice to avoid over- or under-
treatment of elderly patients.
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Table 9.3 Variables used in clinical practice to determine response to therapy and prognosis in
patients with PAH

Variable Target range

WHO functional class Torll

Echocardiography/cardiac magnetic resonance Normal/near-normal RV size and function
imaging

Hemodynamics Normalization of RV function
(RAP<8 mmHg and CI>2.5 to 3.0 I/min/m?)
6-min walk distance >380-440 m; may not be aggressive enough
in young individuals
Cardiopulmonary exercise testing Peak-VO,> 15 ml/min/kg and EqCO,<45
B-type natriuretic peptide level Normal

Modified from Ref. [71]
CI cardiac index, EqCO, ventilatory equivalent for carbon dioxide, PAH pulmonary arterial hyper-
tension, RAP right atrial pressure, RV right ventricular, VO, peak oxygen consumption

Elderly PAH patients show higher WHO FC and lower 6 min walk distances both
at diagnosis and on targeted therapy [15]. According to the “treat-to-target” concept
recommended in current guidelines, they should theoretically receive an even higher
amount of combination therapy (2 or 3 targeted PAH drugs) compared to younger
patients. However, elderly patients less often receive combination therapy, prostaglan-
din analogs, and lung transplantation in the real world [14]. While the latter can be
explained by age-restrictions for transplantation, the reasons for the remaining obser-
vations are less evident. Worse tolerance of some targeted PAH medications could
play a role as indicated by a higher discontinuation rate of ERA in elderly PAH
patients [15]. In addition, the complexity of application (especially parenteral therapy
with prostaglandin analogs) and the considerable costs of therapy may play a role.

It is unclear if the worse survival observed in elderly PAH patients can be explained
by the restrictive use of combination therapy and if outcome, exercise capacity, and
quality of life could be improved by application of more aggressive treatment strategies.
However, especially in elderly PAH patients individual treatment goals should be set in
agreement with the respective patient, taking into account comorbidities, side effects of
therapy, individual patient preferences, and the “biologic” rather than the “numeric” age.
Of course, age alone should not be regarded a contraindication for combination therapy
or more invasive treatments like application of parenteral prostaglandin analogs.

Pulmonary Hypertension in Left Heart Diseases

There are no specific recommendations for the treatment of PH in patients with left
heart disease except treating the underlying condition [8]. In particular, patients
with group 2 PH should not be treated with targeted PAH drugs, because controlled
clinical trials so far have shown no benefit or even harm [8, 19, 74]. However, these
trials usually mixed up patients with isolated postcapillary PH and patients with a
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!

'
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treatment inclusion in RCT DD of pre-capillary PH

Fig. 9.3 Proposed algorithm for diagnosis and therapy in pulmonary hypertension due to left heart
disease. *currently not defined by consensus, ACE-I angiotensin converting enzyme inhibitors,
ARB angiotensin receptor blockers, CTEPH chronic thromboembolic pulmonary hypertension,
DD differential diagnosis, DPD diastolic pressure difference (i.e., diastolic pulmonary artery pres-
sure — PAWP), HFpEF heart failure with preserved ejection fraction, LVAD left ventricular assist
device, mPAP mean pulmonary artery pressure, PAWP pulmonary artery wedge pressure, PH pul-
monary hypertension, RCT randomized controlled trial, Re-Synchron. resynchronization therapy
(i.e., by means of biventricular pacemaker stimulation), 7x transplantation

“precapillary component” of their PH (now defined as post-/precapillary PH, see
Table 9.2), who should be regarded separately. With successful treatment of the
underlying left heart disease according to current guidelines, including “aggressive”
drug therapy, operative or interventional therapy of mitral and aortic valve disease,
device therapy, and finally heart transplantation, PH should be reversible in patients
with isolated postcapillary PH (see Fig. 9.3).

In patients with post-/precapillary PH it may be hard to accept the causal role of
the left heart disease, especially if mPAP is elevated to above 40 or 50 mmHg.
However, even if tempting, these patients should not directly be diagnosed with
PAH and treated accordingly, because pulmonary vasodilatation by targeted PAH
drugs can lead to pulmonary edema and deterioration of left heart disease [8, 19].
So first, additional reasons for precapillary PH should be accurately excluded,
because lung diseases and chronic thromboembolic disease are common in elderly
patients and share risk factors with cardiovascular diseases like cigarette smoking.
Second, the underlying left heart disease should be adequately treated (Fig. 9.3). If
either post-/precapillary PH or even precapillary PH persists on re-evaluation (usu-
ally after 3—6 months), there is a potential rationale for the use of targeted PAH
drugs [19]. In some patients it may then even be difficult to differentiate between
PAH and PH group 2 with extensive pulmonary vascular remodeling. However,
given the rarity of “classic” IPAH in elderly patients [60], targeted PAH therapy
should be prescribed with caution and by dedicated expert centers only. In addition,
patients with group 2 post-/precapillary PH as described should be candidates for
randomized clinical trials utilizing targeted PAH therapy [19].



126 T.J. Lange

In patients with precapillary PH at rest but risk factors for or echocardiographic
signs of HFpEF, a fluid challenge or slight exercise on RHC should be considered
especially when mPAP and PVR are only slightly elevated [1]. When a steep
increase in PAWP is observed, patients should be treated according to guidelines for
left heart disease, even if there is no drug therapy of proven benefit for HFpEF so
far. Although PDE 5-I have shown promise in selected patients with severe HFpEF
and PH, larger studies failed to show a beneficial effect [75, 76]. Therefore, espe-
cially patients with HFpEF and mild PH should not be treated with any targeted
PAH therapy. In patients with normal PAWP at rest, “mild” signs of HFpEF and
more severe PH, the whole spectrum of differential diagnoses of precapillary PH
including PAH should be considered. Patients with suspected PAH and concomitant
HFpEF should be referred to a PAH expert center for further diagnostic evaluation,
initiation of targeted therapy, and follow-up.

Pulmonary Hypertension in Lung Diseases

In patients with PH due to lung diseases, current guidelines focus on the treatment
of the underlying disease [8]. This comprises oxygen therapy in patients with
hypoxemia, inhalation of bronchodilators in COPD, immunosuppression in some
interstitial lung diseases, non-invasive ventilation in sleep apnea and hypoventila-
tion disorders, and finally lung transplantation in suitable patients. For some of
these therapies, a considerable positive effect on the severity of PH is described, for
example that of effective non-invasive ventilation in patients with PH due to obesity
hypoventilation syndrome [77]. On the other hand, even measures known to prolong
survival like long-term oxygen therapy in COPD, have only a marginal effect on
hemodynamics in these patients [78].

As patients with lung diseases show worse exercise capacity and survival when PH
develops [27, 33, 79], effects of targeted PAH therapy have also been investigated. In
summary, studies on acute hemodynamics and small uncontrolled series often showed
positive effects, while randomized placebo-controlled trials looking for an improve-
ment in exercise capacity were negative so far [§0-82]. Possible explanations for the
failure of PAH targeted therapy to significantly improve exercise capacity in patients
with PH and lung diseases include V/Q mismatch, which can be exaggerated by PAH
drugs, and hypoxemia due to the lung disease itself which is commonly not influenced
by PAH targeted therapy but limits exercise capacity [83]. In addition, the majority of
studies included patients with advanced lung disease but only mild PH, and some diag-
nosed PH by echocardiography only. It might be possible that targeted PAH therapy
prolongs survival even in the absence of exercise capacity improvement [32]. However,
prospective controlled studies are needed to test this hypothesis. Currently, the use of
targeted PAH therapy is not recommended in patients with group 3 PH [8].

A minority of patients with lung diseases shows severe PH on RHC
(Table 9.2). If other conditions potentially influencing PH severity like chronic
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Table 9.4 Differential diagnosis between PAH (group 1) and PH due to lung diseases (group 3)

Criteria favoring PAH Criteria favoring PH due to
(group 1) Parameter lung disease (group 3)
Normal or mildly impaired | Ventilatory function/spirometry Moderate to severe
FEV,>60 % pred. (COPD) impairment
FVC>70 % pred. (IPF) FEV,<60 % pred. (COPD)
FVC<70 % pred. (IPF)
Absence or only “modest” | High-resolution CT scan® Characteristic airway and/or
airway or parenchymal parenchymal abnormalities
abnormalities
Features of exhausted Cardiopulmonary exercise testing | Features of exhausted
circulatory reserve® (including hemodynamics) ventilatory reserve
Preserved breathing Reduced breathing
reserve reserve
Reduced oxygen pulse Normal oxygen pulse
Low CO/VO,-slope Normal CO/VO,-slope
SvO, at lower limit SvO, above lower limit
No change or decrease in Increase in PaCO, during
PaCO, during exercise exercise

Modified from Ref. [20]

CO/VO, cardiac output/oxygen consumption ratio, COPD chronic obstructive pulmonary disease,
CT computed tomography, DPLD diffuse parenchymal lung disease, FEV, forced expiratory vol-
ume in first second, FVC forced vital capacity, IPF idiopathic pulmonary fibrosis, PaCO, partial
pressure of carbon dioxide in arterial blood, PAH pulmonary arterial hypertension, PH pulmonary
hypertension, PVOD pulmonary veno-occlusive disease, SvO, mixed venous oxygen saturation
2As to CT diagnosis, parenchymal changes linked to PVOD are to be discriminated from those
associated with DPLD

"Features of exhausted circulatory reserve are also noted in severe PH-COPD and severe PH-IPF,
but are then accompanied by major lung function and CT abnormalities

thromboembolic disease are excluded, the two remaining differential diagnoses
are severe PH due to lung disease and PAH with concomitant (usually mild) lung
disease [20]. The further assessment and judgment should be performed at expe-
rienced PH centers who can also include patients with severe group 3 PH into
adequate clinical trials which are urgently needed. The degree of hemodynamic
PH severity has to be correlated with the severity of the underlying lung disease,
taking into account not only spirometry but also abnormalities on high-resolution
CT scans and results of cardiopulmonary exercise testing [20]. An overview of
criteria currently suggested for differentiation between PAH and PH due to lung
disease is given in Table 9.4. When treating patients with severe PH and rel-
evant lung diseases with targeted PAH therapy (assuming a diagnosis of PAH and
concomitant lung disease), a possibly diminished effect on exercise capacity as
discussed above has to be taken into account and should also be communicated
to the patient. The definition of individual treatment goals in these patients, espe-
cially if they are older, is both important and very difficult, as targets applying for
“classic” PAH cannot just be transferred to this patient group.
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Chronic Thromboembolic Pulmonary Hypertension

The goals in patients with CTEPH are to restore V/Q matching and relieve right
heart strain by reduction/normalization of PVR, as both is contributing to dyspnea
in a varying proportion [84]. These aims could be ideally accomplished by a com-
plete desobliteration of the pulmonary circulation, while a drug-mediated pulmo-
nary vasodilation can only be expected to lower right ventricular afterload without
having marked effects on V/Q mismatch. Due to these pathophysiologic consider-
ations and impressive results regarding functional status and survival, PEA is cur-
rently recommended as standard therapy in technically operable CTEPH patients
[22]. In a current prospective international registry, 386 (57 %) of 679 consecutive
patients with CTEPH underwent PEA in dedicated expert centers [43]. The in-
hospital and 1-year mortality was 4.7 % and 7.0 %, respectively, which is clearly
better compared to both patients on anticoagulation only (historical data) and on
(off-label) treatment with targeted PAH therapy (registry data, mostly inoperable
patients) [44]. In patients evaluated 1 year after PEA, the mean PVR decreased from
698 to 235 dyn*s*cm™>, the mean 6-min walk distance increased from 362 to 459 m,
and WHO FC improved from III/IV to I/I in the vast majority of patients [43].

The mean age of patients who underwent PEA was 60 years, ranging from 18 to
84 years. Even if patients deemed inoperable were significantly older compared to
operable patients (median age 67 vs. 61 years, p<0.001), age alone was reported to
be the reason for inoperability in only 5 patients (2 %) [37]. The main specific rea-
son was inaccessibility of the occlusions (n=118; 48 %), followed by comorbidities
(n=33; 13 %) and imbalance between increased PVR and amount of accessible
occlusions (i.e. due to pulmonary vascular remodeling) in 25 patients (10 %).
Therefore, the age difference between operable and inoperable patients may be par-
tially explained by a higher rate of comorbidities in older patients. In addition, 27 %
of inoperable patients had another disease reported, which could be causally linked
to PH (compared to 17 % in operable patients; p=0.002); and the most frequent
diseases (COPD, sleep disorder breathing, left ventricular diastolic dysfunction,
left-sided valvular heart disease, and interstitial lung disease) are again age-related.
The most frequent reason in technically operable patients not to proceed to PEA
was refusal of surgery by the patients (37 of 427; 9 %), which might happen much
more frequently in daily clinical practice. Therefore, every patient with a diagnosis
of CTEPH should be seen by an experienced PEA team for individual risk stratifica-
tion and counseling, and age alone should not be regarded a contraindication for
surgery especially in otherwise healthy elderly patients [22].

CTEPH does not arise from physical pulmonary artery obstruction alone [84]. In
addition, vasoconstriction and pulmonary vascular remodeling can occur on the
basis of shear stress and lead to perpetuation and worsening of the disease. The
amount and time course of pulmonary vascular remodeling is difficult to predict in
individual patients, but it can lead to imbalance between PVR increase and amount
of accessible occlusions, higher PEA mortality, and finally inoperability. In addi-
tion, remodeling can be a reason for residual PH after PEA. In the situations of surgical
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inaccessibility or residual PH following PEA, the guanylate cyclase stimulator rio-
ciguat has been evaluated in a double-blind, placebo-controlled, randomized study
[85]. After 16 weeks of treatment including 8 weeks of up-titration of riociguat, the
6-min walk distance, which was the primary endpoint, increased by a mean of 39 m
in the riociguat group, as compared with a mean decrease of 6 m in the placebo
group (least-squares mean difference, 46 m; 95 % confidence interval, 25-67;
p<0.001). In addition, there were significant positive effects on PVR, NT-pro BNP,
and WHO FC. Riociguat has consequently been approved for patients with inoper-
able CTEPH or residual PH after PEA and is now widely available. Even if not yet
supported by systemic evidence, the availability of a medication may now increase
the awareness for CTEPH, which is currently already seen in clinical practice. Of
note, riociguat has not been tested in patients with operable CTEPH (e.g., patients
refusing surgery) or inoperability on the basis of comorbidity, and should not be
regarded an alternative to PEA. Before initiating riociguat therapy, the diagnosis of
CTEPH should be reliably established including imaging and RHC (especially
excluding postcapillary PH in elderly patients), and patients should be seen by an
experienced PEA team or at least in a PH expert center for risk stratification and
counselling [22]. Especially patients with comorbidities of the left heart and/or the
lungs should be treated with caution and seen frequently for monitoring of side
effects (e.g., pulmonary edema in patients with concomitant left heart disease;
worsening of hypoxemia in patients with concomitant COPD or IPF). Further, the
effect of riociguat treatment on exercise capacity might be less pronounced in
elderly patients with comorbidities compared to the very distinct population
included in the pivotal trial.

An additional reason for expert referral of patients with CTEPH is the availabil-
ity of novel therapeutic methods like pulmonary balloon angioplasty. After having
shown a high complication rate initially [86], this technique has been refined by
endovascular ultrasound, and recently impressive results with respect to hemody-
namic and functional improvement have been reported [87]. Even if there are no
studies which compared this procedure to PEA or medical therapy, it is promising
especially in patients with surgically inaccessible lesions. From the pathophysiolog-
ical view, balloon angioplasty should be more effective compared to medical ther-
apy alone, as the V/Q mismatch is also partially restored by the procedure. However,
balloon angioplasty should only be performed in experienced PEA centers after
comprehensive diagnostic testing and should not be regarded as alternative therapy
in operable CTEPH patients.
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Chapter 10
Antiplatelet Therapy in Elderly Patients

Andreas May

Dual antiplatelet therapy (DAPT) using aspirin and an oral P2Y 12 receptor (ADP
receptor) blocker is the current standard regimen to prevent atherothrombotic
events in patients after percutaneous coronary stenting [1]. However, there is an
ongoing debate on the best antithrombotic therapy after coronary interventions
regarding the best choice of antiplatelet drug combination, dosage, and duration
[2]. The decision needs to take multiple factors into account including the indi-
vidual patient risk for ischemic events (e.g., stent thrombosis) as well as for bleed-
ing. Albeit the numerical incidence is low, the consequences of stent thrombosis
are severe with a 64 % rate of death and myocardial infarction and a mortality rate
of 9-45 % [3, 4].

The risk for ischemic events appears to depend on the clinical setting (sta-
ble, ACS-NSTE, STEMI), the urgency and mode of the intervention, the
respective stent type, comorbidities and the procedural result. The risk for
bleeding depends on a potential need for anticoagulation and on individual
patient characteristics (e.g., age), which can be quantified by the so-called
HASBLED score (Table 10.1) [5].

Current standard guidelines recommend DAPT for a time span from 4 weeks in
patients undergoing elective stenting using bare metal stents (BMS) up to 12 months
in patients with drug eluting stents (DES) and/or patients undergoing coronary
stenting for acute coronary syndrome [1]. These recommendations do not ade-
quately apply to patients with enhanced bleeding risk or patients with indication for
additional oral anticoagulation in whom the recommended duration of DAPT ranges
from 2—4 weeks to 12 months depending on the individual risk profile [4, 7]. Specific
procedural aspects (suboptimal result, bifurcational stenting) that may hinder a
complete endothelialization of the stent may even legitimate a prolonged DAPT
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Table 10.1 HASBLED score for calculation of the individual patient risk for bleeding and
CHA,DS,VASc-score for calculation of the risk for thromboembolism in patients with atrial

fibrillation [5, 6]

Letter Clinical characteristic Points
H Hypertension 1

A Abnormal renal and liver enzymes (1 point each) 1-2

S Stroke 1

B Bleeding 1

L Labile INRs 1

E Elderly (e.g. age >65 years) 1

D Drugs or alcohol (1 point each) 1-2
Maximum score 9
Letter Clinical characteristic Points
C Congestive heart failure/left ventricular dysfunction | 1

H Hypertension 1

A, Age >75 years 2

D Diabetes 1

S, Stroke/TIA/thromboembolism 2

\% Vascular disease (prior myocardial Infarction; 1

peripheral artery disease)

A Age 65-74 years 1

Sc Sex category (female) 1
Maximum score 9

>1 year in individual patients [7]. The emerging diversity of next generation stent
platforms (e.g., bioabsorbable scaffolds) further contributes to the need of a more
and more individualized decision process.

Age plays an essential role for the final decision of how to treat the individual
patient after PCI. Elderly patients carry an increased risk of bleeding when taking
anticoagulation or antiplatelet therapy or even a combination of both (Table 10.1).
Factors that may account for the enhanced bleeding risk are the higher incidence of
comorbidities, frailty, low body weight, and the increased need for unplanned non-
cardiac surgery.

The choice of the antithrombotic therapy in elderly patients remains an ongo-
ing challenge, because they — besides enhanced risk for bleeding — often require
an even more intensified antithrombotic therapy as compared to younger patients:
First, elderly patients more often present with acute coronary syndromes requir-
ing prolonged dual antiplatelet therapy. Second, the incidence of atrial fibrillation
increases with age as does the risk of stroke in patients with atrial fibrillation [6],
which can be calculated by the CHA,DS,Vasc Score (Table 10.1). Therefore,
despite having an increased risk of bleeding, elderly patients undergoing coronary
stent implantation often require an effective anticoagulation in combination with
antiplatelet therapy [5, 7, 8].
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Patients with Stable Coronary Artery Disease
Without Recent PCI

Patients with symptomatic, stable coronary artery disease (CAD) are — irrespective
of any prior PCI — advised to take antiplatelet monotherapy. This recommendation is
based on data from multiple large trials performed in the 1980s and 1990s, e.g., a
metaanalysis of the so-called antithrombotic trialist’s collaboration. This trial proved
the superiority of antiplatelet therapy versus placebo in patients with symptomatic
coronary artery disease regarding the incidence of stroke, myocardial infarction or
death [9]. The CAPRIE Trial has additionally compared the treatment of aspirin
(325 mg/day) with clopidogrel (75 mg/day) in 19,185 patients with symptomatic
atherothrombotic disease history of stroke, myocardial infarction or symptomatic
peripheral artery disease [10]. This trial showed the non-inferiority of clopidogrel,
which may serve as an alternative to aspirin in these patients. In fact, CAPRIE even
showed a benefit for clopidogrel in the subgroup of patients with peripheral arterial
disease regarding the incidence of ischemic stroke, myocardial infarction or vascular
death. However, dual antiplatelet therapy (DAPT) did not show a clinical benefit over
antiplatelet monotherapy in clinically stable patients: CHARISMA studied the
potential benefit of a combined dual antiplatelet therapy using low-dose aspirin
(75 mg/day) plus clopdogrel (75 mg/day) versus aspirin monotherapy in 15,603
patients with symptomatic cardiovascular disease or with multiple risk factors and
followed them over a period of 28 months (median). CHARISMA did not show any
additional benefit for dual antiplatelet therapy regarding the incidence of ischemic
events, however, a trend of enhanced bleeding events with dual therapy [11].

Together, the current recommendation for patients with symptomatic stable cor-
onary disease (without recent PCI) is a lifelong antiplatelet monotherapy using aspi-
rin (75-125 mg/day) or — as an alternative — clopidogrel (75 mg/day) irrespective of
any additional risk factors [1].

Patients with Coronary Stent Implantation in Stable Angina

Stent thrombosis is the most severe complication, and, therefore, is the Achilles’heel of
coronary stent implantation. In patients with coronary stent implantation, dual anti-
platelet therapy using acetylsalicylic acid (ASA, aspirin) and an ADP receptor antago-
nist (e.g., clopidogrel) is the current standard strategy to prevent stent thrombosis.

DAPT Initiation and “Loading dose”

Since clopidogrel is a “pro-drug”, which requires metabolization in the liver, clopidogrel
should be administered prior to the intervention. Depending on the time interval from
the intake of the “loading dose” to the planned coronary intervention, it is currently
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recommended to use a loading dose of at least 300 (>12 h prior to PCI) or 600 mg (<3 h)
prior to a planned PCI [1]. The best time point of administration of clopidogrel is cur-
rently a matter of debate. In patients undergoing coronary angiography for stable angina
it is recommended to start clopidogrel “loading” after the diagnostic angiography on the
table immediately prior to PCI. Besides clopidogrel dual antiplatelet therapy also
includes a 150-300 mg oral loading dose of ASA (or 80—150 mg i.v.).

DAPT Dosage and Duration

ASA is recommended to be taken life-long by 75-100 mg per os daily, the recom-
mended dosage of clopidogrel is 75 mg daily [12—-14].

The recommended duration of DAPT is a matter of an ongoing debate. It depends
on several conditions, e.g., stent type (bare metal or drug-eluting stent), the individual
angiographic result, clinical condition (elective stenting versus stenting in ACS), as
well as additional individual patient characteristics (e.g., age, history of bleeding).

DAPT is recommended for at least 1 month after BMS implantation and for 6
months after DES implantation by the European Society of Cardiology [1]. Having
the second and third generation DES available the risk of stent thrombosis has been
further reduced in the meantime. Recently, it has been shown that a period of 3
months of DAPT may be sufficient in selected patients with selected next genera-
tion DES [15, 16].

Nevertheless, the development and clinical application of novel stent or “scaf-
fold” designs using novel bioresorbable materials requires additional clinical expe-
rience and investigations.

Accordingly, the ESC recommends to make the decision on the respective dura-
tion of DAPT after DES implantation on an individual basis: One may consider a
shorter DAPT duration (<6 months) after DES implantation in patients at high
bleeding risk and a longer duration (>6 months) in patients at high ischaemic and
low bleeding risk (class IIb recommendation) [1]. In elderly patients these consid-
erations need to be taken into account.

Patients with Coronary Stent Implantation in Acute
Coronary Syndromes

Patients with acute coronary syndromes have an increased immediate risk for isch-
emic complications as well thereafter. Therefore, these patients generally require an
intensified dual antiplatelet therapy from the time of hospitalization and PCI over a
period of 12 months [1].

The acute coronary syndrome (ACS) comprises a large clinical spectrum from
unstable angina, non-ST elevation myocardial infarction (NSTEMI) to ST-elevation
myocardial infarction (STEMI). The ACS is pathophysiologically characterized by
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a combination of a progredient atherosclerosis with the formation of plaques and
arterial thrombosis caused by plaque rupture. Therefore, an optimised and well bal-
anced antithrombotic therapy plays a crucial role in the therapy of ACS. This is
important both in patients treated medically and in patients treated by a PCI.

Antiplatelet therapy plays a key role in the treatment of both the acute and the
chronic phase of the ACS. Various pharmacologic options exist to inhibit different
activation pathways of platelets:

Acetylsalicylic Acid (ASA)

ASA is the classical drug for platelet inhibition. In patients with unstable angina,
data reveal that ASA exerts a highly significant cardioprotective effect. Even a
short-term treatment reduces the incidence of ischemic events. The maximum pro-
tective effect is apparently achieved at a daily dose of merely 75 mg. The current
dose recommendations for acute coronary syndrome are 75-150 mg /day [1].
Higher doses do not have an additional protective benefit, however increase the
incidence of severe bleeding events [17].

In patients with acute myocardial infarction with or without lysis therapy, the
two large international studies ISIS-2 and ISIS-3 provided the most convincing evi-
dence for the preventative efficacy of ASA [18, 19]. The sole administration of ASA
reduced the number of deaths by 23 % (p<0.00001) in comparison to placebo. In
addition, ASA reduced the incidence of non-fatal reinfarction and stroke by 50 %.
In contrast to treatment with streptokinase, no increase in cerebral hemorrhage was
observed under ASA. Streptokinase alone also reduced the mortality highly signifi-
cantly by 25 %, but led to an increase in the reinfarction rate of 30 %. This increase
was not observed under the combination therapy with ASA. The combination of
streptokinase with ASA has a significantly better efficacy than each of the sub-
stances given as monotherapy (reduction in mortality by 42 % compared to pla-
cebo). This allows the conclusion that the simultaneous inhibition of platelet
function makes a central contribution to the success of antithrombotic treatment for
myocardial infarction. According to the ISIS-3 study, the additional treatment with
heparin in comparison to ASA monotherapy is not able to improve the survival rate
but does significantly increase the number of hemorrhagic complications. In sum-
mary, the recommended dose in acute therapy is 160—325 mg ASA. For an ongoing
therapy, a dose of 75-100 mg ASA has been proven safe and effective.

P2Y12 Receptor Antagonists

In ACS, P2Y12 receptor antagonists, e.g., clopidogrel, prasugrel or ticagrelor,
should be combined with ASA yielding a so-called dual antiplatelet therapy (DAPT).
The ADP-Receptor antagonists are effective in patients with clinical manifestations
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of atherosclerosis that involve the coronary, cerebral, or peripheral arterial
circulation. They show promise when combined with ASA, probably due to the
blockade of complementary activation pathways in platelets.

Clopidogrel

The efficacy of dual antiplatelet therapy in NSTE-ACS has been proved in the
CURE study (Clopidogrel in Unstable Angina to Prevent Recurrent Ischemic
Events) [20]. Patients with NSTE-ACS received aspirin monotherapy or a combina-
tion of aspirin and clopidogrel (initially 300 mg followed by 75 mg/day) over a
period of 9-12 months. The patients treated with the dual antiplatelet therapy
showed a significant reduction of the combined endpoint (cardiovascular death,
nonfatal myocardial infarction, stroke; 9.3 vs. 11.3 %). The analysis of the interven-
tionally treated subgroup (PCI-Cure) demonstrated a relative risk reduction of 31 %
concerning cardiovascular death or myocardial infarction [21]. A subgroup analysis
of CHARISMA [11] additionally showed that patients with AMI benefit from a
long-term dual antiplatelet therapy with respect to ischemic events without an
enhanced rate of bleeding.

Clinical limitations of clopidogrel use are its delayed begin of effect but also its
individually variable magnitude of effect. For acceleration of effect, higher “load-
ing” doses of clopidogrel have been suggested and investigated. In conclusion, a
loading dose of 600 mg has demonstrated to be more effective than 300 mg in terms
of rapid and stronger efficacy. In patients with ACS clopidogrel is currently only
recommended, when the novel and stronger substances prasugrel and ticagrelor are
not indicated or not available (Class I, level B recommendation) [1]. In those
patients, a daily dose of 75 mg of clopidogrel is recommended for the duration of 12
months irrespective of the initial way of treatment unless there are contraindications
such as excessive risk of bleeding.

Prasugrel

Prasugrel (60 mg loading and 10 mg daily maintenance dose) is a prodrug that irre-
versibly blocks the P2Y 12 receptor with a faster onset and a stronger and a more reli-
able antiplatelet inhibition as compared to clopidogrel. The clinical efficacy of
prasugrel in acute coronary syndromes was proved in the TRITON TIMI 38 trial
against the 300 mg loading dose of clopidogrel—both started in the catheterization
laboratory after diagnostic angiography [8]. Prasugrel proved beneficial regarding a
composite ischaemic outcome: Cardiovascular events were reduced in prasugrel-
treated patients (9.3 % versus 11.2 %; P<0.002), which was mainly driven by a sig-
nificantly decreased incidence of myocardial infarction (7.1 % vs. 9.2 %; p>0.001).
However, severe bleeding complications were enhanced with prasugrel compared to
clopidogrel (TIMI non-CABG major bleeding 1.8 % vs. 2.4 %, p<0.03).
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Notably, patients at high risk for ischemic events such as patients with STEMI or
with NSTEMI and diabetes showed profound benefit from prasugrel without sig-
nificantly affecting major bleeding. On the other hand, patients with a history of
transient ischemic attack or stroke, body weight <60 kg or elderly patients
(=75 years) showed enhanced bleeding events and, accordingly, should not be
treated with prasugrel. Consequently, patients with acute coronary syndromes,
known coronary angiography, and planned PCI are recommended to take prasugrel
for 12 months with a Class I/ Level B [1].

Prasugrel is generally not recommended for patients of >75 years of age in its
standard dose. If, after a careful individual risk—benefit evaluation, therapy is judged
necessary in the >75 years age or low body weight (60 kg) groups then, following a
loading dose of 60 mg, a reduced maintenance dose of 5 mg may be prescribed.

Ticagrelor

Alternatively, ticagrelor can be administered in patients with ACS using 180 mg load-
ing dose followed by 90 mg twice daily. Ticagrelor is a cyclopentyltriazolopyrimidine,
is an oral and reversibly binding P2Y 12 receptor blocker with a plasma half-life of
approximately 6-12 h. The Study of Platelet Inhibition and Patient Outcomes (PLATO)
study randomly assigned ACS patients—with or without prior loading with clopidogrel
and irrespective of the strategy (invasive vs. non-invasive) — to treatment with ticagrelor
or clopidogrel [22]. The study demonstrated significantly superior results for ticagrelor
in the composite ischaemic endpoint (9.8 % vs. 11.7 %; p<0.001) and mortality (4.0 %
vs. 5.1 %; p<0.001). Major bleeding occurred in 5.3 % of the patients in the ticagrelor
group and in 5.8 % in the clopidogrel group. There was no difference in the overall
rates of fatal haemorrhage (0.3 % in both groups) despite a higher rate of fatal intracra-
nial haemorrhage in the ticagrelor group (0.1 % vs. 0.001 %; P<0.02). Ticagrelor was
associated with an increased rate of adverse effects including dyspnoea, increased fre-
quency of ventricular pauses, and asymptomatic increases in uric acid.

A substudy of PLATO has investigated the subgroup of elderly patients in
PLATO [23]. The significant clinical benefit and overall safety of ticagrelor com-
pared with clopidogrel in ACS patients in the PLATO cohort were not found to
depend on age.

Conclusion

The current international guidelines of the European Society of Cardiology (ESC)
recommend all patients with ACS to initially get ASA at an oral loading dose of
150-300 mg (or 80—150 mg i.v.) and a maintenance dose of 75—-100 mg daily long-
term regardless of the treatment strategy (IA) [1]. In addition to ASA, a P2Y12
receptor antagonist should be started and maintained over a period of 12 months
unless there are contraindications such as excessive bleeding. Options are:
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1. Prasugrel (loading dose 60 mg, daily dose 10 mg) in patients in whom coronary
artery is known and who are planned to undergo PCI (if no contraindication
exists). In elderly patients (=75 years) the routine dose is contraindicated, but a
reduced daily dose of 5 mg is an option.

2. Ticagrelor (loading dose 180 mg, daily dose 2x90 mg), if no contraindication
exists. Ticagrelor is not contraindicated in elderly patients.

3. Clopidogrel (loading dose 600 mg, daily dose 75 mg) only when ticagrelor or
prasugrel are not available or contraindicated.
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Chapter 11
Ethical Aspects of Interventional Cardiology
in Geriatric Patients

Thomas Friihwald

In the past years medicine has achieved amazing progress in diagnostic and thera-
peutic interventions, particularly in new technologies expanding the boundaries of
the possible, of the “doable”, nurturing hopes and expectations of alleviating bur-
densome symptoms, of curing conditions that in the not so far past were considered
to have a grim prognosis.

Many of these conditions are associated with advanced age. Geriatric patients
are becoming a prime target group for new interventions promising them more years
of life enjoyed in good quality, acceptable condition and function, self determined
and autonomous. Deciding about medical diagnostic and therapeutic interventions
for and with geriatric patients may present some particular ethical challenges.

Ethics is a fundamental part of geriatric medicine. Ethical questions are impor-
tant in all fields of medicine, but in geriatrics they are of particular importance. This
branch of medicine is concerned with the care of health problems of mostly very old
people close to the end of their life. They are physically, mentally and socially vul-
nerable — frail — individuals with a high risk for progressive deficits in physical and
cognitive functions, thus progressively dependent on help and care.

Decisions about medical interventions are easier when the patients concerned
have an intact decisional capacity. This situation becomes more complex and diffi-
cult when dealing with multimorbid, frequently cognitively impaired very old
individuals.

Ethics is about systematically asking the right questions [15]. This process should
be logically structured, questions may remain unanswered. It is about questioning
prejudices and modes of action, it means explaining terminology, requesting the best
facts possible, formulating definitions, and helping to reflect a problem. Good ethics
begins with good facts, with good evidence — not with groundless assumptions.
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An ethical problem consists basically of the question of what should be done, not
what can be done. In this context fits a citation by Jean-Pierre Junod, a pioneer of
European geriatrics:

The desire to dominate the medical situation by all means is only the expression of a mis-
guided striving for success. Our medical knowledge is often beyond the real expectations of
the aged patient. In geriatrics the physician, the nurse, the therapist frequently have to
accept being guided by the patient. Dominating the aged patient physically and emotion-
ally, disregarding his or her dignity, neglecting his or her general needs are at the origin of
many ills. Failing to share the same hopes and aspirations may result in the danger of being
able to dominate only one’s own ambitions. [11]

The seemingly most important questions concern situations in which life or
death decisions have to be made: should one start cardio-pulmonary resuscitation?
Should invasive diagnostic and therapeutic interventions be pursued? Should one
intubate, should artificial nutrition, should dialysis be started? These question
always concern an individual, they are of utmost importance in his or her real life
context. The everyday situations with questions arising are apparently less dramatic:
Can a patient be discharged home? Should one propose nursing home care? Should
a particular, perhaps burdensome therapy be initiated? Is informed consent possi-
ble? These questions are best discussed in a multidisciplinary team.

Ethics — Attempts of a Definition

Ethics is a discipline of philosophy. Generally speaking it deals with questions con-
cerning the good and the attitude that should determine human action. Ethics is
about questions arising from the interaction between individuals of a society. Using
philosophical methods ethics attempts to demonstrate the fundamental principles
for a just and meaningful action in living together with others. Ethics is effective
when it is about acting with or deciding for other individuals. Ethical principles and
justifications should not rely on external authority or convention, they should be
applicable universally with reason and sense, and they should take a higher-ranking
position than morals [13].

In simpler, more pragmatic terms the Austro-American Physician and Bioethicist
Erich H. Loewy explains ethics as a discipline that proposes the question “How
should I act when also someone else could be affected?” Ethics theoretically inquires
about the “good” and the “bad”, but in practice — in most of the situations — it is
about he “bad”, the “worse” and the “even worse”. Ethics is not about the exchange
of unfounded arguments, it is concerned with general rules and guidelines as well as
with problems in individual cases. Ethics calls for tolerance of other opinions in a
human framework [15].

The theologian and ethicist Ulrich Kortner defines ethics as the “self-reflexive
theory of morals”. That means judging the morality of human action according to
the categories of “good” and “bad”. Contrary to “ethics”, the ancient Greek term
“ethos” or the Latin “moralis” describes behavioral norms in a society or a group
accepted and stabilized by tradition [12].
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Ethics is not an individual’s personal morality. One’s own conception of morality
can be derived from religion, culture, tradition, personal experience and conscience
but it will not be the same for a person of another tradition, with different experi-
ences. Ethics attempts to find a common denominator for different world-views,
religions and cultures and whenever possible to propose a framework in which dif-
ferent individual moral conceptions can be expressed. Ethics tries to reflect criti-
cally and objectively what has been established as moral habit in a society and to
look for generally acceptable, objective criteria and rules for modes of behavior.
Ethics should question prejudices and established procedures, demand exact defini-
tions, it should help to logically reflect problems, to pose questions in a systematic,
structured way. In a secular and pluralistic society ethics should be kept free of all
religious and ideological premises [23].

Medical ethics is not only about presenting and discussing individual patient
cases, it is not just the application of “moral common sense” of physicians. Medical
ethics is no special ethics, it means rather ethics in special situations — like for exam-
ple ethics in geriatrics. It refers to physicians’ actions and to patients’ attitudes, to
situations common in the hospital, the nursing home, the doctor’s office. Beyond
that it encompasses ethical problems of institutional actions, like for example issues
of distributional justice in the healthcare system [24].

Good ethics needs some prerequisites: first of all it needs a good knowledge
basis and good facts. In medicine this means that physicians who are not com-
petent enough in their domain, who do not continuously keep themselves
informed, who are not up-to-date with the latest developments in their specialty
cannot act also ethically correctly. Good ethics begins with good facts, not with
groundless assumptions [16]. Good, ethical decisions are not possible without
optimal knowledge and competence in diagnosis, prognosis, and treatment
alternatives.

Another aspect to keep in mind is the fact that professionally and ethically good
medical action — as Erich Loewy said — does not happen “in a vacuum”. The frame-
work in which the physician has to act is determined by the institution (the hospital,
the healthcare system) and thus by the society. It is very difficult to act in an ethical
way in an institution that is not based on ethical principles. It is equally difficult to
build a just, ethical healthcare system in an unjust society [18].

The Importance of Ethical Considerations in Geriatric
Medicine

Why should ethical considerations have such a high level of significance particu-
larly in geriatrics? Especially when — as mentioned above — ethics is about the
search for basic principles for just, meaningful, judicious, reasonable — in one word:
good — action. There are a few explanations:

* Geriatric medicine deals with old, very old, patients who frequently are in need
of help and care because of their higher risk for losses of physical, cognitive,
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emotional and social function. The situation of these vulnerable, frail patients
often is not adequately taken care of by our social and healthcare system.

* Geriatric medicine can also be characterized by the fact that it deals with people
at the end of their lives. Death is not the absolute adversary in this field of medi-
cine, not necessarily a symbol of failure. In many respects there is concordance
between Palliative Care and Geriatrics.

* In Geriatric Medicine patients are being taken care of not only for a more or less
limited period of time, but for the whole of the final period of their lives, often in
an environment not of their primary choice, like for example in a nursing home.

Therefore, ethics is a fundamental part of geriatric action. This is particularly
true when considering frailty, the risk of dependence on help and care by others.

The discussion of ethical problems in geriatrics circles around two poles: one is
autonomy, the right of a person to determine his or her own fate, to exert his or her
own will — even though taking into account certain limits set by society. With geri-
atric patients frequently the question arises whether he or she possesses the compe-
tence to comprehend and to judge the situation and if he or she has sufficient
independent decisional capacity. The other pole is beneficence, the obligation to do
well to others, to help minimize suffering. Oftentimes this borders on paternalism —
one acts and decides in conflict with the principle of autonomy (see below).

The infantilization of the older person is wrong and unethical, even in the pres-
ence of cognitive impairment (dementia) that may lead to a gradual loss of cognitive
capacities. But there are variably long individual progressions of cognitive func-
tional deficits between early and advanced stages of dementia. The presence of this
diagnosis does not automatically imply an incapacity to comprehend and to chose
and decide independently.

Principles of Biomedical Ethics

Present day biomedical ethics is guided by four key considerations proposed by
Beauchamp and Childress as moral principles to help focus everyday decisions in
medical practice. They are the basis of an ethical system termed “principlism” that
guides medical decision-making in our pluralistic society, they provide a basic ana-
lytical framework for reflecting on moral issues within biomedicine [2].

These four guiding principles are:

1. Beneficence: this principle implies the general human obligation to do good, to
act to the benefit of others, for the physician it means the duty to act in the best
interest of the individual patient. It demands to weigh the expected benefit of
medical interventions against their potential harm — this judgment always has to
be done in the decision making process.

2. Non-Maleficence: requires to avoid harm and suffering from other individuals,
patients. It means the obligation to respect the individual’s right to his or her
spiritual and physical integrity.
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3. Autonomy: requires the respect of the individual’s right for self-determination
as far as his or her personal existential perspectives and concepts go. This is
implicit in the rule of informed consent in decision-making by which the patient
should be provided with clear information about the expected benefits and risks
of the procedure. This principle also implies the physician’s duty to help the
patient maintain control over his or her medical treatment.

4. Justice: this principle obliges to avoid discrimination by irrelevant criteria, to
guarantee fairness of access to resources. It means also that patient selection
criteria should be as objective as possible, transparent and reproducible.

Tensions and conflicts between these four principles may arise, frequently
they cannot be eliminated, and one has to able to tolerate them in a constructive
way [4].

The four guiding principles of bioethics should be applied also in interventional
cardiology, for example in deciding whether or not to perform a transcatheter aortic
valve replacement in geriatric patients [3]. Weighing expected benefit and potential
harm for the individual patient, thus following the principles of beneficence and
non-maleficence, is crucial. When considering such an intervention, the fundamen-
tal question is the extent to which the patient’s quality of life will be improved. This
key question must be considered and discussed with each individual being assessed —
thus honoring his or her autonomy.

In this respect “what can be done” and “what should be done” are not equivalent
questions. A patient’s right do die with dignity must be respected. The principle of
autonomy also makes informed consent in decision-making obligatory. The patient
should be provided with clear, comprehensible information about the expected ben-
efits and risks of the procedure. In particular the patient should be made aware of the
risk of death or serious complications such as stroke. In the case of the transcatheter
aortic valve replacement, the patient should understand the still prevalent uncer-
tainty about long-term benefits and risks of TAVI and valve durability (Boothroyd
2013). The intervening physician must provide information about the risks and ben-
efits of different strategies to the patient and family and balance also the benefit of
thorough discussion, perhaps requiring time for reflection, with the benefits of rapid
intervention [14].

The principle of justice implies that patient selection criteria are as objective and
transparent as possible and that access to the procedure is fair and just. It is also the
physician’s duty to treat the individual patient responsibly with due consideration of
other patients and stakeholders in the health care system [14]. Respecting the prin-
ciple of justice also requires the consideration of how decisions regarding one
patient may also affect other patients and providers.

The principle of justice calls for an unbiased, equal allocation of resources that
are limited. Nevertheless, “ethically speaking”, medical interventions should be
planned and care provided with the sole intention of improving the individual
patient’s quality of life and/or decreasing his or her risk of mortality “independent
of reimbursement considerations and without inappropriate bias or influence from
industry, administrators, referring physicians and other sources” [5].
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About Ethical Problems and Issues in the Care of Geriatric
Patients

An ethical problem is present when in a situation requiring a decision or an action
uncertainty or disagreement arises in judging the decision or action according to the
categories good and bad or right and wrong. With the aim of productively trans-
forming this uncertainty or disagreement into a realistic course of action a process
should start in which moral judgments become clear and can be expressed [31].

The response to an ethical question, the solution of an ethical problem, is not
only a certain action, but in addition also an explanation and justification based on
specific knowledge and facts. Thus the question by which to start an ethical case
discussion should first of all aim at the course of action in the particular situation.

Here are some examples of more or less general question with ethical implica-
tions arising in everyday medical, nursing or rehabilitative care of geriatric patients.
A practical suggestion how to approach them in a structured, systematic way will
follow:

e What are our therapeutic, rehabilitative, nursing efforts good for? How do they
make sense?

* Who is being taken care of in reality? Is it always the patient? Could it in some
cases not be the patient but rather the relatives, the institution, or the society?

¢ The patient’s will is sometimes the opposite of the benefit intended for him —
how to deal with this situation?

¢ How does one determine the will of a patient who is not (any longer) able to
communicate, like in advanced dementia, in sensory impairment, in coma?

e What is the physician’s obligation to do as therapeutic intervention? What not?
How to go about limiting or discontinuing active treatment?

¢ In medical interventions it is often easier to do everything that can be done, it is
more difficult to justify not doing everything that is possible, how to go about
this? Is “What can be done” and “what should be done” equivalent?

¢ Is curative therapy justifiable even in the end-of-life situation and how invasive
may it be?

e Is the patient capable of understanding his situation, the possible clinical
dilemma? Can he/she make a competent choice between the possible options?

These are concrete situations a physician can be confronted with almost daily
and in which a decision has to be made. This can become particularly difficult if the
patient concerned is old, frail and cognitively impaired.

Other examples of concrete clinical topics of ethical decision-making:

 Intensification, or de-escalation of invasive therapy

» Transition from curative to palliative care — when is the right moment?

¢ Treatment of infection or other intercurrent conditions in terminally ill patients,
for example in advanced stages of dementia

* Cardio-pulmonary resuscitation — in which patients not to start? How to termi-
nate it?
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e Artificial nutrition — is it to be considered as any therapy that should be termi-
nated when it doesn’t have an indication any more, when it doesn’t make sense
any longer? Is there a place for PEG tubes?

* Patient abuse — particularly abuse of the elderly, frail, functionally impaired,
dependent, vulnerable patient. How to recognize the various forms abuse can
take? How to intervene?

Decision-Making in Geriatric Medicine

In decision-making situations as they occur frequently in everyday geriatric clinical
experience — for example about the reasonability of a medical intervention it may be
of help to refer to the ethical principles formulated by Beauchamp and Childress
[2]. Marckmann and in der Schmitten derive from them three legitimation pre-
conditions for deciding a therapeutic intervention [19],

1. The patient should have more benefit than harm from the intervention
2. The patient must give informed consent
3. The intervention must comply with state-of-the-art medical standards

A therapeutic intervention (consequently also a diagnostic one) should be abstained
from if only one of these three conditions is not met. Such a renouncement of therapy
based on individual ethics arguments requires a reliable judgment of the uselessness —
futility — of a medical intervention and of the patient possibly lacking capability for
consent. It can be of help to distinguish between the individual benefit and general
efficacy: an intervention can be theoretically efficacious but of no usefulness or ben-
efit for the individual patient. But it is only this individual aspect that is relevant and
essential in the decision for or against a particular medical intervention.

The evaluation of the efficacy of an intervention relies on evidence from clinical
trials and on clinical guidelines and/or on expert consensus recommendations based
on those. Finally, the individual physician’s professional expertise is also of
relevance.

The presence or absence of a medical indication is the key pre-condition for
initiating or foregoing a therapeutic intervention. In the absence of efficacy indica-
tion is not present — this is particularly the case in patients in the terminal stages of
their lives [1].

Marckmann and in der Schmitten propose two possibilities to judge the useful-
ness of a medical intervention [19]:

* The narrow definition would mean that an intervention is useless if it does not have
a physiological effect. This implicates well-founded professional judgment.

* The broader definition considers an intervention useless when there is a low
probability of success, when the expected treatment outcomes are not desirable,
when the resulting quality of life would be inacceptable, when more harm than
benefit can be expected. This broader definition is judgmental it should be left to
the patient capable of such a judgment.
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Medical futility means that it is appropriate to withhold a therapeutic procedure
from patients who are at high risk of not benefiting from it or when the expected
outcome would not improve the patient’s quality of life. Recognizing such situa-
tions is challenging [10].

Defining medical futility is controversial though: Schneidermann proposed that
physicians “should regard a treatment as futile if empirical data show that the treat-
ment has less than a 1 in 100 chance of benefiting the patient in a qualitatively
meaningful and reliable manner” [27]. But he also admits that it is very difficult to
precisely estimate expected benefit — a consensus about what constitutes the thresh-
old of a worthwhile outcome is lacking [28].

Independence and/or Autonomy of the Geriatric Patient

Independence is frequently considered as the measure by which individual freedom
and autonomy can be assessed. The gradual loss of functional independence, the
risk for which is associated with aging, allegedly erodes autonomy. But functional
independence should rather be related to objectively measurable somatic parame-
ters related to the patient’s specific impairment and functional capacity.

Autonomy on the other hand has a more subjective dimension that manifests
itself by the individual’s capacity to have self-esteem, to be free in his or her deci-
sions, to be responsible, to evolve. A higher level of functional independence helps
autonomy to manifest itself, measures of rehabilitation and care support this
process.

If functional independence, like in mobility or the ability to perform activities of
daily life, is not attainable it is important to confirm autonomy by not allowing for
a loss of self-esteem of the individual.

The goals of geriatric rehabilitative efforts are the avoidance of dependence and
improvement or maintenance of functions. Another goal of rehabilitation in geriat-
rics is the promotion of quality of life for the remaining years.

The mere prolongation of life is not a criterion in evaluating the positive effect of
a medical intervention. “Active life expectancy” meaning life in functional health is
a term that informs about a different dimension of health and morbidity, about
another perspective than death alone. The end of active life expectancy is not death
but the loss of functional independence and autonomy. They become an important
factor of the subjective and objective appreciation of quality if life. But what about
autonomy at the end of life of frail, multimorbid, perhaps cognitively impaired older
persons — geriatric patients? Increasingly, autonomy is not regarded as the sole
determining factor in decision-making in geriatric medicine, often times it is a
rather unrealistic myth [25].

The concept of autonomy integrates essentially the notion of freedom. For Kant
freedom consists of two parts: first the freedom of will, and secondly the freedom to
act. The latter frequently diminishes towards the end of life as loss of functional
independence progresses. If personal autonomy is supposed to be such a crucial
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factor of quality of life, does it mean that someone in a situation that implies pro-
gressive loss of autonomy, as in advancing cognitive impairment (dementia) cannot
have and experience, enjoy quality of his or her life?

Particularly towards the end of life geriatric patients may experience a double
erosion of autonomy: on the one hand through cognitive impairment (dementia), on
the other through loss of functional independence with consecutive institutionaliza-
tion, for example in a nursing home with its rules and regulations restricting privacy,
limiting the older person’s will by paternalistic rules and regulations. The principle
of the individual’s autonomy is undermined by the institution’s principle of benefi-
cence. Atul Gawande in his remarkable reflections on aging, frailty and the last
years of life notes: “...our elderly are left with a controlled and supervised institu-
tional existence, a medically designed answer to unfixable problems, a life designed
to be safe but empty of anything they care about...” [9]

The reality of every-day geriatrics proves that without optimal care in the form
of adequate counseling, empathy, personal attendance and assistance there would be
the danger of gradually slipping into a certain “autonomism”, relying on autono-
mous decisions of people who are no more capable of them and thus risk mainly
disadvantages. A further danger would be the development of an indifferent attitude
that sees only the autonomous client and disregards the consequences. According to
Theda Rehbock, to accept the limitation of autonomy in advanced age with its
immanent progressive need for help, support and care is a pre-condition for success-
ful aging and contradicting the basic principle of geriatric care to do the maximum
possible to preserve or to regain an optimum of independence [25].

The Patient’s Will

Of course, in most situations in geriatric medicine, including the presence of cogni-
tive impairment, decision-making is dominated and determined by the patient’s
will.

But one has to bear in mind, that the (presumed) will of the patient is not so rel-
evant when there is no (longer) a meaningful medical indication for the intervention
in question. According to Gian Domenico Borasio, the issue of the indication for a
medical procedure has to be clarified before asking about what the patient wants.
This can be done by two questions:

1. Is there a reasonable treatment goal?
2. Is this goal realistically attainable?

Only if both questions are answered affirmatively can the physician proceed to
an individual appraisal of the indication and estimate whether the treatment goal is
in accordance with the patient’s declared or presumed preferences.

Asking for the patient‘s presumed will is not necessary if the therapeutic inter-
vention in question is not indicated, if there is no reasonable therapeutic goal, or if
such a goal cannot realistically be attained.
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It is all about providing an indication for a medical intervention. If such an indi-
cation is not present in an individual case, then the question whether a specific
intervention — for example a coronary catheterization — should be performed or not
is of no relevance.

It is not so much about the specific intervention potentially performed than about
the question whether it has a meaningful, attainable goal and whether its benefit
outweighs the potential risks. But even before that it is about the the patient’s capac-
ity — after having been duly informed by the physician — of consenting to it or not.
Such situations are clear and without ambiguity if the patient has decisional capac-
ity, if he or she is cognitively competent. It is more difficult with a patient who is
multimorbid, frail, perhaps cognitively impaired, of advanced age and approaching
the end of his or her life.

A Practical Approach to Ethical Decision-Making
in Individual Situations

According to Erich Loewy it is all about posing the right questions, not about
expecting and following fixed instruction manuals (cook book recipes) for the par-
ticular, individual situation that poses an ethical problem. The questions can be
formulated in a structured, systematic way — this would make it easier to find an
appropriate individual answer. Two questions should be clarified first:

1. Who is entitled to make a decision?
2. Who is it all about (who is being treated, who wants the treatment)?

To illustrate the ethical decision-making process Erich Loewy utilizes the meta-
phor of planning a voyage: in it the ethicist has the role of a travel agent who places
three questions in a logical fixed order (Loewy 1995):

¢ The first question “Where does the voyage start from?”” explores the present situ-
ation. This “status quo” question is primarily a medical-technical one: physi-
cians, nurses, therapists have to inform about the diagnosis, the prognosis and
about problems still to be clarified. The ethics consultant has to make certain that
experts have been involved and that the patients and his or her relatives have been
adequately informed. If there is disagreement in the team on clinical issues not
even the best ethicist can help.

* The second question “Where does one want to go?” is the “quo vadis” question.
The one that asks about the desired goal, the destination. It is not such a medical-
technical one. The physician provides the prognosis, says what is the best, what
the most probable scenario. Other than that this question has mostly a biographi-
cal character: the patient’s values, personal history, ambitions, goals determine
the answer.

e The third question “How do we arrive at the desired destination?” is about the
means to attain the goal. It is a technical question like “Should we do the coronary
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intervention?” which frequently is the wrong first question before one even
knows where the voyage should go.

To connect these three points — facts, goal, means to arrive at it — should now be
easier.

In Geriatric Medicine one frequently has to deal with patients whose decisional
capacity can be questioned because of cognitive deficits. The capacity for informed
consent frequently is just a gradual one and it may be sufficient for the problem at
issue. From an ethical point of view it should be possible to obtain informed consent
after providing adequate information adapted to the situation, to the issue to be
decided about and to the cognitive capacity of the patient.

Pre-conditions for accepting a decision — even when decisional capacity is in
doubt because of cognitive impairment are:

* sufficient knowledge

* sufficient time for reflection

* authenticity

» absence of external pressure or coercion — for example social pressure

There are criteria for acceptability of a decision:

* the patient has to know the facts

* he or she has to be aware of alternative options for the therapeutic interventions

* he or she has to be capable of clearly communicating his or her preferred option

* he or she has to be capable of explaining it and of declaring that it is in accor-
dance with his or her values — regardless if the physician shares them or not.

In the absence of decisional capacity, for example in advanced cognitive impair-
ment, it may be of help to consider the presumable will of the patient which can be
elucidated in communicating wit the relatives of the patient or proxies previously
designed by the patient.

This is also the function of the written patient advance directives. In the rare
cases where such indications cannot be obtained it may help to reflect about what
the patient certainly would not want to experience: pain, hunger and thirst, coldness,
isolation... [15]

Geriatric Palliative Care

The proximity of death is a characteristic trait of geriatrics. The imperative of main-
taining and prolonging life and the ethical imperative to prevent or to palliate
unbearable suffering find themselves confronted. It is about actively accompanying
the dying, about palliative care and finally about allowing the foreseeable, no longer
avertable death.

The dying old person has to be able to count on the empathic care of the geriatri-
cian. The duality of the curative and of the palliative paradigms of medicine can be
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bridged. The pre-condition for achieving this is the acceptance of the fact that after
renouncing a curative goal there is much that can still be offered to the patient: when
intensive, invasive interventions to prolong survival have to be relinquished, equally
intensive palliative care interventions have to start to ensure good quality of life
until its end.

The challenge in caring for old people at the end of their lives lies not in just
keeping them neat and nourished but in providing them an opportunity to have
positive experiences. The majority of people dying are of advanced age, they
are geriatric patients, many of whom so far do not profit much from the recent
advances of palliative care. It is never too late for palliative care though, espe-
cially in geriatrics.

At the end of life, at the latest during the dying process, forgoing life-sustaining
treatment becomes necessary. The treating physician may become confronted by the
demand of the patient, or relatives to actively assist him or her in dying. In such a
case one has to consider that behind this demand there is the wish not to have to
continue living in the present condition — palliative care’s claim is to be able to
ameliorate the condition perceived as unbearable by the patient. To actively assist
during the dying process is a key task of palliative care. Physicians’ obligations
reach their ethical and (in our society) legal limits when the demand is for active
euthanasia [26].

There are typical areas of tension in which geriatric medicine has to decide and
to act: for example the one between the proximity of death and the obligation to
secure optimal quality of life not regarding the length of the life still remaining.
Another such area of conflict is the one between promoting the individual autonomy
and independence on one side and securing the protection, help and care through
benevolent, caring paternalism (of the institution) when the older persons are not
capable of it by themselves on the other [20].

To recognize and to accept life’s end and then put into this new perspective the
indication for further therapeutic interventions is not always an easy task even for the
experienced physician. The decision for palliative therapy and care is often delayed
by obstacles for the recognition (the diagnosis) of the dying process such as:

* hopes that the patient will get better

* lack of a clear diagnosis of the condition(s) leading to death

» pursuit of unrealistic, futile interventions

» disagreement in the team in appraising the clinical situation of the patient
* not recognising or misinterpreting symptoms

To these add:

* lack of communication skills with the patient and his or her relatives
o fears not to start or to terminate a therapy

 fears to shorten life

 cultural, religious bias, legal doubts

As a consequence of this non-recognition of dying the patient and his or her rela-
tives remain uninformed, unprepared, they receive contradicting information. The
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dying process is even more troubling and lacking dignity. Burdensome symptoms
are insufficiently controlled, cultural, spiritual and religious needs of the patient are
not met, complex difficulties in the mourning process arise for the relatives [7].

The Austrian Federal Bioethics Commission also reflected about End of Life. It
issued recommendations for the terminology of medical decisions in end-of-life
situations [1]. In them, death is presented as a clearly defined irrevocable state,
whereas the end-of-life is described as a process ending in death, a biologically and
chronologically extendible phase of life becoming even more fuzzy by applying
medical interventions. The lack of a clear definition and a diagnosis for this state
means that there is no exact basis for medical interventions in the end-of-life — they
become a tightrope walk between prolonging life or prolonging dying, a conflict
between the medically doable and the individual benefit for the patient results. In
this situation classical medical patterns of decision-making based on evidence based
medical facts frequently cannot be applied because such empirical facts are not
available. Decision-making often is dominated by fears of failure or of legal conse-
quences. Dying appears to be less a natural event than a medically determined and
shaped process. Collision scenarios between moral conceptions of the patients and
the physicians, economic constraints, medical promises and patients’ expectations
become imaginable [1].

The UCLA surgeon and writer Pauline W. Chen writes that therapeutic interven-
tion at the end of life is often being taken for a synonym of hope, confusing more
therapy with more love, making withdrawal from it difficult, even impossible. No to
go on treating is mistaken with giving up, the physician feels more dedicated to the
therapy itself than to the patient — when so much has been done already, it becomes
impossible to give up all these efforts, the therapeutic fight continues until the very
last hours of life meaning that healing is the only perspective [6].

In exploring issues of caring for people at the end of their lives, the ethicists
Erich H Loewy and Roberta Springer Loewy developed the metaphor of
“Orchestrating the End of Life” by which they emphasize the necessity of acting in
an interdisciplinary team with a radical focus on the individual patient’s needs that
determine the melody to be played by the palliative care team [17].

The TAVI Issue — Some Ethical Considerations

Considering the invasive cardiologic intervention in the geriatric patient much dis-
cussed at the moment — the transcatheter aortic valve implantation (TAVI) — and
taking into account the ethical reflections and principles mentioned above, there are
some particular aspects to be noted:

One should plan and perform procedures according to standards of care and rec-
ommended guidelines, but it should be possible to deviate from them when appro-
priate or necessary in the care of individual patients [5]. This is particularly true for
frail, multimorbid geriatric patients, as present guidelines do not yet take into
account their complex situation. Therefore advice, assistance, or consultation from
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colleagues should be sought when such consultation would benefit the patient
undergoing an invasive cardiologic intervention (Cameron 2004).

“And because good ethics begins with good facts, the quality of the facts themselves takes
on ethical significance [16]”.

Some facts about taking care of geriatric patients with severe aortic stenosis con-
sidered for a TAVI procedure:

* There is growing evidence that geriatric measures of functional status are impor-
tant outcomes and predictors of functional outcomes in elderly patients. Evidence
from pooled analyses of randomized trials even suggest that comprehensive geri-
atric assessment of hospitalized patients may ameliorate disability and cognitive
dysfunction and improve short-term survival [8].

* The importance of a multidisciplinary patient assessment by a “heart team” prior
to the chosen procedure is underlined by the difficulty in assessing the age-
related peri-procedural risk of elderly patients, especially in the case of a new
and rapidly evolving technology, such as TAVI [32]

 Geriatricians are competent in evaluating the degree of functional deficits, of frailty
and the peri-interventional risks involved, therefore they should be integrated in
“heart teams” and have a substantial impact on decision-making, long-term care
and rehabilitation of elderly patients with severe aortic stenosis. A frailty index
calculated as summary score from geriatric assessment instruments was a strong
predictor of functional decline over a 6-month follow-up period. In contrast, estab-
lished risk scores of mortality among cardiac patients such as the EuroSCORE or
the STS score did not predict functional decline in a Swiss study [29].

e A particularly relevant aspect of involving geriatricians in the multidisciplinary
approach of the heart teams to the selection of treatment is the avoidance of
expensive, high-risk, and ultimately futile procedures in patients who will have
only little symptomatic benefit or improvement in quality of life. Like for exam-
ple multimorbid, highly frail patients with a very limited life expectancy, irre-
versible left ventricular failure, severe pulmonary disease, impaired mobility as
a result of neurologic or musculoskeletal disease, advanced dementia, or other
systemic disease. Timely qualified palliative care should be made available for
these patients [22].

* The incorporation of measures based on a comprehensive geriatric assessment
(CGA) into clinical decision-making regarding the TAVI procedure is essential
for providing the best possible care to this vulnerable group of patients.
Implementation of CGA into clinical routine before TAVI is not only essential
for decision-making, but might also help to improve prognosis of elderly patients
undergoing TAVI [30].

Thus the inclusion of geriatricians in the multidisciplinary heart teams should be
considered optimal clinical and ethical practice supported by clinical evidence.

There still is some concern about the quality of the evidence on which recom-
mendations for performing the TAVI procedure are based. Norwegian authors
criticize that the American and European guidelines do not provide enough
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evidence yet to demonstrate that the benefits outweigh the risks. According to
them current evidence is not of a sufficiently high standard to justify the strong
recommendation [21].

When good evidence is lacking, it may be difficult to see whether there is a con-
flict between the principles of beneficence and non-maleficence, it will become
equally difficult to guarantee adequate informed consent which is a prerequisite for
autonomy. The principle of justice means a fair allocation of resources. This
requires reliable methods again based on good evidence in order to be able to com-
pare risk and benefits of the invasive intervention for different individual patients
and patient groups (Ohldieck 2014).

Thus the big ethical challenge for interventional cardiology is to provide the
solid evidence of an overall benefit of the invasive procedure translating into an
individually acceptable improved quality of life of the geriatric patient. Only good
facts make good ethical decision-making possible.
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